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FORWARD 


Groundwork  on  the  USAF  Academy's  Airborne  Laboratory,  a  concept 
enthusiastically  endorsed  by  Colonel  Daniel  H.  Daley  and  Lt 
Colonel  Richard  C.  Oliver,  began  during  the  Spring  semester  of 
^9H?.  With  the  final  approval  of  the  Dean  of  the  Faculty  and  the 
.‘’.upor  intendent ,  a  new  Aero  495  course,  "Flight  Test  Techniques," 
was  taught  for  the  first  time  during  the  Fall  semester  of  1982. 
Designing  the  course,  planning  flight  profiles,  and  handling 
logistical  and  other  administrative  details  were  accomplished 
with  the  help  of  Captain  William  C.  Roberson.  Instrumentat ion 
support  for  measuring  important  in-flight  parameters  was  provided 
by  Captain  Theodore  J.  Moody  of  the  Department  of  Electrical 
Engineering  and  Mr.  Thomas  D.  Fultz  of  the  Department  of  Civil 
Engineering.  With  the  continued  support  of  those  mentioned  above 
and  the  prospective  involvement  of  future  members  of  the 
Department,  the  Airborne  Laboratory  has  enormous  potential.  Aero 
495  Is  expected  to  become  a  permanent  course  in  the  Aeronautics 
curriculum  by  the  Fall  semester  of  1984.  What  follows  is  a 
technical  description  of  the  course  as  it  exists  today  along  with 
sample  data  and  plots. 
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AIRBORNE  LABORATORY  MEASUREMEN:  OF  AIRCRAFT  PERFORMANCE 
AND  STABILITY  AND  CONTROL  FOR  LIGHT  AIRCRAFT 

Kent  R.  Crenshaw* 

Abstract 

'  \ 

This  report  is  a  supplement  to  the  article  Integration  of 
an  Airborne  Laboratory  into  the  United  States  Air  Force  Academy 
Academic  Curriculum'^  in  USAFA-TR-83-2.  It  contains  the  test 
plans,  flight  test  planning  guides,  and  aircraft  specifications 
handouts  used  during  the  applications  phase  of  the  Department  of 
Aeronautics  Airborne  Laboratory.  Sample  calculations  and  plots 
from  actual  flight  test  data  taken  by  cadets  are  also  included. 
While  the  test  plans,  flight  test  planning  guides,  and  aircraft 
r.pec i f icat ions  were  designed  to  be  used  with  the  Beechcraft 
Sierra  and  Sundowner,  the  formats  are  sufficiently  general  so 
that  they  can  be  applied  to  any  single-engine,  general-aviation 
aircraft.  Commonly  recognized  flight  test  techniques  are  used 
for  gathering  data,  and  data  reduction  is  accomplished  using 
accepted  procedures.^ 

I .  Introduction 

The  Department  of  Aeronautics  Airborne  Laboratory  is  divided 
into  two  phases:  "performance"  and  "flying  qualities."  Each 
student  receives  two  flights  during  each  phase,  using  the  Beech 
Sierra  to  evaluate  performance  and  the  Beech  Sundowner  to 
evaluate  flying  qualities.  The  geometry,  performance  charts,  and 
weight  and  balance  data  for  each  aircraft  are  shown  in  Appendix 


1 1 .  Performance 

The  flying  portion  of  the  performance  phase  is  conducted 
according  to  a  test  plan  with  a  format  similar  to  that  used  at 
the  AFFTC  (Air  Force  Flight  Test  Center).  The  test  plan,  shown 
in  Appendix  B,  defines  specific  performance  objectives  that  must 
•Major,  USAF,  Associate  Professor  of  Aeronautics,  DFAN 
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be  met  if  the  advertised  performance  of  the  test  aircraft  is  to 
be  verified.  It  also  serves  as  an  administrative  tool  by 
dividing  the  students  into  two  separate  test  teams  and  by 
addressing  flying  and  ground  safety  considerations.  Performance 
parameters  that  are  evaluated  include  maximum  speed,  range  and 
rate-of-climb  capability,  service  ceiling,  and  glide  ratio. 

Both  performance  evaluation  flights  last  approximately  one 
hour  with  Flight  1  dedicated  to  gathering  aircraft  cruise  and 
turn  performance  data  and  Flight  2  to  gathering  aircraft  climb 
and  descent  data.  A  "Flight  Test  Planning  Guide,"  shown  in 
Appendix  C,  is  provided  to  assist  the  students  in  their 
preparation  for  each  flight.  Mission  events,  pilot  and  student 
responsibilities,  and  post-flight  data  reduction  requirements  are 
clearly  defined.  In  addition,  data  sheets,  data  reduction 
sheets,  and  an  "Initial  Flight  Test  Report"  form  modeled  after 
AFFTC  Form  365  are  used.  After  each  flight,  the  cadets  submit 
for  grading  a  flight  report  that  satisfies  the  requirements  laid 
out  in  the  "Flight  Test  Planning  Guide."  See  Appendix  D  for 
sample  performance  data  records,  data  reduction,  and  plots. 

III.  Flying  Qualities 

Like  the  performance  phase  of  the  Airborne  Laboratory,  the 
flying  qualities  phase  is  conducted  according  to  a  test  plan. 

The  test  plan  objectives  (shown  in  Appendix  E)  are  to  evaluate 
the  Beech  Sundowner  180  C23,  both  qualitatively  and 
quantitatively,  as  a  primary  trainer  for  Class  I  as  defined  in 
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MIL-F-8785C,  "Flying  Qualities  of  Piloted  Airplanes."  The 
aircraft  is  evaluated  for  compliance  with  selected  paragraphs  of 
this  document.  The  test  plan  also  serves  the  administrative 
purpose  described  in  the  performance  section  of  this  paper. 

Both  of  the  flights  In  the  flying  qualities  phase  last 
approximately  one  hour.  Flight  3  is  dedicated  to  evaluating 
longitudinal  and  lateral-directional  stability  and  control  as 
well  as  maneuvering  flight.  Flight  4  concerns  dynamic  stability 
and  stalls.  A  "Flight  Test  Planning  Guide,"  shown  in  Appendix  F, 
outlines  each  flight  in  detail  and  helps  the  student  to  prepare 
for  flying  and  to  reduce  post-flight  data.  See  Appendix  G  for 
sample  flying  qualities  data  records,  data  reduction,  and  plots. 

I V .  Conclusions 

While  the  test  plans,  flight  test  planning  guides,  and 
aircraft  specifications  handouts  contained  in  this  report  were 
designed  to  be  used  with  the  Beechcraft  Sierra  and  Sundowner,  the 
formats  are  sufficiently  general  so  that  they  can  be  applied  to 
any  single-engine,  general-aviation  aircraft.  The  test  plan 
serves  primarily  as  a  statement  of  purpose  and  objectives,  but  it 
is  also  a  useful  administrative  tool  for  organizing  the  flight 
test  effort  and  addressing  safety  considerations.  The  flight 
test  planning  guide  lays  out  the  specific  engineering 
requirements  for  each  flight.  While  this  might  be  interpreted  as 
"leading  the  cadets  by  the  hand,"  taking  data  in-flight  is  very 
different  from  gathering  data  in  a  ground-based  laboratory 
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APPENDIX  A 


Specifications  and  Weight  and 
Balance  for  the  Beechcraft 
Sierra  200  C24R 
and 

Sundowner  180  C23 
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SPECIFICATIONS 


AND 

WEIGHT  AND  BALANCE 
FOR  THE  BEECHCRAFT  SIERRA  200  C24R 
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20  6 

48 

8  0 

"0 

'27 

2000 

16 

•0 

'93 

48 

80 

107 

123 

154  ; 

12 

19  8 

48 

HC 

•09 

'25 

90 

32 

20  3 

48 

80 

1  1 

128 

3000 

1  14 

10 

19  ' 

46 

108 

124 

|50  ; 

10 

'96 

48 

80 

110 

127 

06 

30 

,  20  1 

48 

60 

'  '2 

129  . 

4000 

>0 

-12 

'89 

48 

1 

1  80 

109 

125 

!  46  1 

e 

19  4 

48 

80 

1  1 

12b 

82 

2B 

19  9 

48 

8.0 

113 

130  ' 

500C 

7 

•14 

186 

46 

;80 

110 

127 

'43  1 

6 

19  ' 

48 

a  0 

"2 

;  129 

79 

26 

19  7 

48 

80 

"3 

130  ! 

eooo 

1  3 

-16 

18  4 

48 

1  60 

111 

'28 

1  39  1 

« 

109 

48 

8  C 

1  ? 

'  130 

24 

19  4 

46 

80 

114 

131  . 

7000 

1  0 

■18 

18  2 

48 

,  60 

1 1 1 

128  36  . 
129!!  32! 

2 

18  7 

48 

e  0 

1 13 

130 

22 

'92 

48 

BO 

115 

132 

1  6000 

'  -4 

■20 

180 

48 

,  80 

112 

t* 

185 

48 

8C 

114 

131 

1  68 

2C 

19  ' 

48 

80 

"5 

132  ' 

1  9000 

'  -0 

22 

'78 

48 

1  60 

113 

130 

28  . 

■2 

•03 

48 

8  0 

1’4 

1  ■'3' 

64 

16 

16  9 

48 

80 

116 

134  , 

10000 

24 

17  6 

46 

80 

"4 

'3' 

.4 

18  1 

48 

80 

'15 

^  132 

V6’ 

16 

1  18  7 

4« 

80 

116 

134  , 

11000 

•15 

■26 

17  5 

48 

<  60 

1 14 

131 

2'  ' 

■6 

48 

8  0 

•  16 

'  134 

1:57 

14 

1  16  5 

48 

80 

117 

135  I 

12000 

•18 

•28 

173 

48 

1  80 

115 

'32 

'8  i 

-8 

178 

48 

8  0 

'le 

134 

1 55 

13 

!  ie  3 

48 

80 

"7 

135 

13000 

22 

-30 

17  1 

48 

'  6  0 

115 

'32  1  '4  , 

-10 

’76  , 

48 

eo 

116 

134 

10 

,  10  1 

48 

80 

"7 

135  ! 

14000 

■32 

168 

48 

|80 

116 

48 

1  ? 

.  135 

e 

'  leo 

48 

eo 

117 

135  ' 

■  I 
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Performance  Sierra  C24R  Sierra  C24R  Performance 


Section  V 
Performance 


BEECHCRAFT 
Sierra  C24R 


FUEL  FLOW  VI  BRAKE  HORSEPOWER 


example 

BRAKE  hOASEPOweP  i4fiHP 

CONOmON  level  flight 

CRUISE  LEAN 


fuel  FLOW 


8  K  GAUHR 


brake  horsepower 


November,  1900 


Nov;  T;t>er,  1980  5-29  November.  1960  5-31 


RANGE  PROFILE  -  37  GALLONS 


AS<;oCiATED  conditions  standard  day 

WEIGHT  27se  LBS  BEFORE  ENGINE  START  NOTE 


ASSOCIATED  CONDfTiONS 


WEIGHT 

puEl 

PuEIOEnSiTV 
INITIAL  fuel 
LOADING 


ENDURANCE  PROFILE-37  GALLONS 

STANDARD  DAY 
NOTE 


LSS  SEFORE  ENGINE  START 
100  octane  aviation  GASOtiNE 
6  0  LBS  Gal 


37  US  OAlS(222LBSi 


endurance  includes 
start  taxi,  and  Climb. 
W'TM4^MINLn’ES 


A- 15 
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Sierra  C24R  Performance  Sierra  C24R  Performance 


f 

3 

f 

i 


ENDURANCE  PROFILE-57  GALLONS 

ASSOCIATED  CONDITIONS  STANDARD  DAY  (ISA) 

WEIGHT  27Se  LBS  BEfORE 


ENGINE  start 

EUEL  >00  OCTANE  AVIATION 

GASOLINE 

PUEL  DENSITY  6  0LBSGAL 

initial  EDEL  LOADING  S7  LI  S  GAL 

(342  lBSi 


note 

endurance  includes  start 
Taxi  and  Climb  with  as 
minutes  reserve  fuel  at 

56*.  MAXIMUM  continuous 
POWER 
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Sourco;  Courtesy  of  AVCO  I.ycoming  Williamsport  Division 
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NOTE:  Reduce  efficiency  by  5%  for  installation  blockage  eff 
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i  .  Wi:u:n7  AND  ».M  AN n ' 


BASIC  EMPTY  WEIGHT  AND  BALANCE 

SIERRA  200C24fl,  SER  NO. -H-C-5I3  _  _  REG  NO.  N18_892  .  _  date  10-9-80 

JACK  POINT  LOCATION  PREPAHEO  BT 

fORWARD  t<f9  ?  .  ..  _ _ 

AfJ  ?ab9  Stgn»iui» . . 


REACTION 

WHEEL  •  JACK  POINTS 

SCALE 

reading 

TARE 

NET 

WEIGHT 

ARM 

1 

MOMENT 

I  tM  MAIN 

HIUHI  MAIN 

nO':.E  oh  Tail 

IOIAl  (AS  WEIGHED) 

674.5 
662.0 

442.5 
1779.0 

1 

1779.0  ! 

- — - - 1 

1 

129.251 

57.313 

172744 
25361 
198105  i 

Sp^CB  btlitm 

•  p/itvjtfBJ  /(>/  tdOtltitm  »na  iut>limChont  to  Bi  ■  et*njittOf> 

LESS  8  QT  OIL 

-  150 

50 

-  750 

Plus:  Fire  Extinguisher 
ELT 

+2.7 
+  .6 

107.0 

259.0 

288.9 

155.4 

EMPTY  WEIGHT 

ENGINE  OIL 

unusaule  fuel 

HASlC  EMPTY  WEIGHT 

1  1767.3 
ISO 

ISO 

I  1797.9 

111.92 

50  0 

125  0 
111.52 

197799 

750 

1950 

200499 

BASIC  EMPTY  WEIGHT  AND  BALANCE 

SIERRA  200  C24R  SER.  NO.  _MC-6Si) _ REG.  NO.  H6436D  DATE  lQ-9-80 

JACK  POINT  LOCATION  PREPARED  BY 

fORWARO  129  2  Company _ 

AfT  2Bi  9  Signtiurt  _ _ _ 


REACTION 

WHEEL  •  JACK  POINTS 

SCALE 

READING 

TARE 

NET 

WEIGHT 

ARM 

MOMENT 

left  MAIN 

719.0 

RIGHT  MAIN 

717.5 

129.188 

185579 

NOSE  OR  tail 

396.0 

56.563 

22399 

total  (AS  WEIGHED) 

1832.5 

1832.5 

207978 

SpBCB  O0fom 

PFOwtfBtf  tor  $O0mon9  »r>a  $ubtrBeifOri$  to  B*  ■  wBip^Btf  CortOrnoO 

less  8  QT  OIL 

-15  0 

5j 

-  750 

Less  Aft  Ballast  Weight 

-10.1 

288.42 

-2913 

Plus :  ELT 

+  2.7 

259.0 

+  699 

ELT  (correction) 

+  1.0 

259.0 

+  259 

Fire  Extinguisher 

+  5.0 

126.0 

+  630 

empty  weight 

1816.1 

113.38 

205903 

ENGINE  OIL 

150 

500 

750 

UNUSABLE  FUEL 

156 

125  0 

1950 

BASIC  EMPTY  WEIGHT 

1846.7 

112.96 

208603 

A-21 


BEECHCRAFT 
Sierra  C24R 


Section  VI 
Wt  A  Bal/Equip  List 


MOMENT  LIMITS  vs  WEIGHT 


r 

¥ve.^f 

Miotn'kim 

Momarx 

■  'lbo~ 

Me  esMu^ 

'  Momam 

;  '">00^ 

H 

B 

B 

B 

'  /UU 

7e  >0 

70  M 

'7  7  00 

7310 

7484 

7600 

722V. 

?96£ 

7  ;7r 

7  HP  7 

7073 

7M0 

772‘ 

7496 

7510 

72B8 

.*969 

7?.'L. 

IH--: 

1 

?03*> 

7 '20 

2337 

7606 

762 D 

7801 

7981 

7  J.t 

'MOj 

! 

;*i»4  .• 

234J 

7620 

?S30 

781. 

;.993 

•  /4;. 

<^7  4 

1 

?0*..6 

7>40 

7364 

7637 

7640 

?8?fc 

3006 

7  -1 

•‘.♦7* 

70^0 

?H»0 

736b 

764  3 

7660 

7841 

J(J7 

7’K 

"•Ji 

7C87 

7160 

7376 

7666 

7660 

7b64 

3078 

'  M. 

•  «,*4  7 

1 

AHS4 

71  fC 

7381 

7662 

76  >0 

7862 

J04C 

>  ihv 

7706 

71BO 

7398 

7629 

76h(. 

7i38o 

3067 

w,. 

' 

'.7  18 

?7«»t 

740** 

7691 

7690 

288. 

3064 

7'*bC- 

:-.7'.. 

7 -*00 

2470 

7603 

7600 

790  2 

3C7fe 

\(  '' 

7*4’ 

?7»0 

2431 

7C’4 

7610 

7970 

3U8b 

7»l.'0 

^Ou? 

77t>3 

7770 

244? 

7626 

7670 

7533 

3095 

’»  Jv 

.•i'*  - 

77fc‘.. 

7731. 

2463 

7638 

7630 

794  7 

31  M 

H4C 

ri^.'4 

:•  n 

7240 

7464 

2660 

7640 

7961 

3173 

’fcVU 

.’■v.t*. 

' 

7  7H<> 

7760 

34lb 

7667 

7660 

292? 

3131 

'HtU 

2(t4f, 

' 

7700 

7760 

2486 

7624 

7660 

7567 

314? 

7P  r' 

:ov» 

.’.•’7 

7770 

2492 

2686 

7620 

3000 

3169 

>Hh.^ 

7068 

r??4 

7780 

7608 

269? 

7660 

3013 

3120 

1(>x 

70714 

. 

77J6 

271*0 

2619 

2209 

7690 

3072 

3187 

7  5«K 

?oy<' 

' 

7748 

7300 

?430 

7221 

7200 

3040 

3194 

7  '.♦  7  . 

7701 

' 

7760 

7370 

2641 

7233 

7210 

3064 

3706 

7'77 

7?M 

7370 

2667 

7246 

j»( 

3067 

3716 

'93C 

?-73 

7783 

2330 

2663 

2266 

7730 

3001 

'j2J0 

1<<4C 

?7  14 

7?9b 

7340 

2624 

7268 

7/40 

3094 

3741 

7<«S( 

714V 

:oo> 

73SO 

2686 

7  200 

7260 

3108 

3763 

7V0« 

/»bt 

737b 

2360 

2696 

279? 

'<*’f 

?76T 

7337 

73TO 

JSO) 

7804 

?'  78 

7 14  7 

V3.0 

M'S 

7016 

’<»C 

?18V 

73b4 

23b0 

I6J? 

7872 

?0(it 

;.oc 

7366 

2400 

7835 

?C7C> 

777  7 

23»b 

7410 

2668 

7861 

70 /C 

772? 

73bO 

2420 

2627 

7863 

70  3s 

77.13 

1 

7407 

24  30 

7664 

70  26 

?04C 

7?  *4 

1 

?4n 

7*40 

7652 

7882 

?ot.c- 

??bf. 

1 

7476 

74«>0 

2270 

7890 

7CK.C 

.431 

7460 

727  . 

?9'0 

77  M 

1 

744<< 

74’0 

7236 

?V7? 

I’UHO 

rrnp 

?4b> 

7480 

7249 

7934 

.‘CNC 

74  27 

74l»0 

_ 

754b 

_ _ 

--  ^ 

momewt  hmnt  ttm  b»mc  f>  rAr  foliomtn^  mmtfht  »f>c  i***i9f  of 

f<Vv>rr  d«r« 


•hOMmal  CA^CCORv 

MiiOHT  CONDITION  RWDCC  LiMiT 

;7%0iO<Me»  T»keO**  lijO 

o«  I  e^O'^f  I 

•(,  O'  '*11  MOO 

November,  7960 


Af  T  CC  LIMIT 
1  7(7  3 
Mb  3 
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Section  VI 

Wt  &  Bal'Equip  List 


BEECHCRAFT 
Sierra  C24R 


COMPUTING  PROCEDURE 

1  Record  the  Basic  Empty  Weight  and  Moment  from  the 
Basic  Empty  Weight  ar>d  Balance  torm  (or  from  the  latest 
superseding  form)  under  the  Basic  Empty  Coridition  block 
The  moment  must  be  divided  by  100  to  correspond  to 
Useful  Load  Weights  and  Moments  tables 

2  Record  the  weight  and  corresponding  moment  trom  the 
appropriate  table  of  each  ot  the  useful  load  items  (except 
fuel)  to  be  earned  in  the  airplane 

3  Total  the  weight  column  and  moment  column  The 
SUB  TOTALS  are  the  ZERO  FUEL  CONDITION 

4  Determine  the  weight  and  corresponding  moment  for 
the  fuel  loading  to  be  used  This  fuel  loading  includes  fuel 
for  the  flight,  plus  that  required  for  start,  taxi,  and  takeoff. 
Add  the  Fuel  Loading  Condition  to  Zero  Fuel  Condition  to 
obtain  the  SUB-TOTAL  Ramp  Condition 

5  Subtraa  the  fuel  to  be  used  for  start,  taxi,  and  takeoff 
to  arrive  al  the  SUB-TOTAL  Take-off  Cortdition. 

6  Subtract  the  weight  and  moment  of  fuel  to  be  used 
from  the  take-off  weight  and  moment  The  SUB-TOTAL 
Condition  of  No  3  and  No  5.  as  well  as  the  landing 
condition  moment,  must  be  within  the  minimum  and 
maximum  moments  shown  on  the  Moment  Limits  vs  Weight 
graph  lor  that  weight  If  the  total  moment  is  less  than  the 
minimum  moment  allowed,  useful  lead  Hems  must  be 
shifted  aft.  or  forward  load  items  reduced  If  the  total 
moment  is  greater  than  the  maximum  moment  allowed, 
useful  load  items  must  be  shifted  forward,  or  aft  load  items 
reduced  if  the  quantity  or  location  of  load  items  is  changed, 
the  calculations  must  be  revised  and  the  moments 
rechecked 

6-14  November,  1960 
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Section  VI 
Wt  &  Bal  Equip  List 


WEtGHT  AND  BALANCE  LOADING  FORM 

MODEL  sierra  C24K  DATE  .V  ,V  ,V.V 


SERIAL  NO  AAA' _  REG  NO.  VVA  V.Y.V 


ITEM 

BASIC  ei^PTY  CONf)iTlOlv 

I  TSd 

I 

- 

1  H0»VT  St  At  u<  t  CifANTS 

3 

3fd  &  4th  SEAT  OCCUPANTS 

i4<l 

■is: 

bin  &  6th  SEAT  OCCUPANTS 

TIT 

t 

baggage 

H 

— 

c 

— 

7 

— 

:.^jo 

8 

9 

.^21 

10. 

•less  fuel  for  start. 
TAXI,  and  take  off 

.  .v 

■9 

1 

SUB  total 

T  akLE  OFF  CONDITION 

:'i4 

::os 

^  r 

LESS  FUEL  TO 

destination  /Hi  nail 

■  ISO 

■  /  7ft 

13 

LANDING  CONDITION 

Ml.lO 

*Pue<  for  sun.  UMi  and  lak^otf  n  r>ormaMy  8  ib&  at  an  average 
mom/l  00  of  9. 


November,  1980 
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Section  VI 
Wt  &  Bal  Equip  List 


USEFUL  LOAD  WEIGHTS  AND  MOMENTS 


OCCUPANTS 


3RD  AND  4TH  SEATS  J 

SPLIT  SEAT  I 

n 

li 

<  : 

il 

8 

r>f^c\j(DO‘i^07^cD 

•-  ^  <NjCSjC\»C\iOwC\ifNi 

BENCH  SEAT  ] 

— 

(t  * 

<  : 

5 

O 

5 

8 

Ou''. 

u 

O 

a 

c 

< 

»  2 

o;  - 
<  : 

5 

O 

s 

8 

' 

i  < 

Ui 
^  (/> 

c  <6 

2 

r> 

z 

o 

c 

</j 

O 

a 

?  r* 

5 

v-v-e-^  —  — 

u. 

o 

> 

£ 

*  S 

2 

o 

GC  2 

o 

© 

<  « 

2 

K 

Z 

o 

ooooooooo 

CN/fO^lTlP^*®®© 

$ 

C 

^  o 


"D 

a> 


u 

2 


£ 

c 


2  c 


=  C 
t  ^  r 

^  E 
1  ®  - 
t  -  7 


KD 

u*) 

u 

5 


i,  5 

^  U  ^ 

C  .  re 


t'  ^ 

t>  n: 
C  > 


November,  1980 
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BEECHCRAFT 
Sierra  C24R 


USEFUL  LOAD  WEIGHTS  AND  MOMENTS 


Sth  it  6th  SEATS 

ARM  171 

Weight 

Moment 

Weigh! 

Moment 

J 

100 

100 

137 

140 

239 

154 

150 

257 

171 

160 

274 

188 

170 

291 

205 

180 

308 

222 

190 

325 

200 

342 

USABLE  FUEL 
ARM  117 


GALLONS 

weight 

MOMENT/100 

5 

30 

35 

10 

60 

70 

15 

90 

105 

20 

120 

140 

22 

132 

154 

25 

150 

176  1 

27 

162 

189 

30 

180 

211 

32 

192 

225 

35 

210 

246 

37 

222 

259 

40 

240 

281 

45 

270 

316 

50 

300 

351 

52 

312 

365 

57 

342 

— 

400 

6-18  November,  1980 
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BEECHCRAFT 
Sierra  C24R 


Section  VI 
Wt  &  Bal'Equip  List 


USEFUL  LOAD  WEIGHTS  AND  MOMENTS 


BAGGAGE 
ARM  167 


Weight 

Moment 

100 

10 

17 

140 

234 

20 

32 

150 

251 

30 

50 

160 

267 

40 

67 

170 

284 

50 

84 

180 

301 

60 

190 

317 

70 

334 

80 

210 

351 

90 

220 

367 

too 

230 

384 

no 

240 

401 

120 

250 

418 

130 

260 

270 

451 

November,  1980 
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SPECIFICATIONS 


AND 

WEIGHT  AND  BALANCE 
FOR  THE  BEECHCRAFT  SUNDOWNER  180  C23 


AERO  495 


FALL  1982 


A- 30 


CONTENTS  PACE 

I.  CEOMETRV .  1 

II.  CENERAL .  2 

III.  PERFORMANCE  CHARTS  .  3 

IV.  WEIGHT  AND  BALANCE .  9 
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1 1 .  CKNKIOtL 


A.  Engine,  Avco  Lycoming,  4  cylinder  0-360-A 

Maximum  continuous  power  (at  sea  level)  180  HP  @  2,700  rpm 

B.  Propeller ,  two  bladed,  fixed  pitch  Sensenlch,  diameter  76" 

Restricted  Operation  2,150-2,350  rpm 


.  Capacities 

4 

8  quarts 
59.8  gallons 
52  gallons  usable 


Crow  and  Pilot 

Oil 

Fuel 


1).  Design  Load  Factor 


(2,450  pounds,  flaps  up) 


+3.8  to  -1.9 


E.  Airspeeds 

Takeoff  (flaps  up) 

Climb  (best  rate) 

Climb  (best  angle) 

Max  Glide 
Emergency  App. 

Normal  App.  (flaps  down) 

Normal  App.  (flaps  up) 

IG  Stall  Speed  (flaps  up,  2,450  lbs) 
Maximum  permissible  speed,  Vjjg 


65  KTS/75  MPH 
75  KTS/86  MPH 
69  KTS/79  MPH 
78  KTS/90  MPH 
68  KTS/78  MPH 
68  KTS/78  MPH 
80  KTS/92  MPH 
63  KTS/72  MPH 
152  KTS/175  MPH 


A- 33 


f 


0,  Pow«r»Off  Stall  Spaada 


Section  V  BEECHCRATT  SuiidOMiter  1 80 

t'l^rformanca  C23  (M- 1 2US  and  At  ler) 

POWER  OFF  STALL  SPEEDS 

,  yvCiOriT  2460  LBS; 

'Jix:mum  aUitude  loss  during  a  normal  mail  recovory  is 
approxiniataly  300  ft. 


ANGLE  OF  BANK 

LEVEL 

30°  }  45' 

60" 

FtAPS-UP 

72  mph 

63  kts 

77  mph 

67  kts 

85  mph 

74  kis 

101  mph 

88  kts 

FLAPS  ■  DOWN  (35^) 

69  mph 

51  kts 

63  mph 

55  kts 

70  mph 

61  kts 

83  mph 

72  kts 

5-12 


February  197S 
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Crocswind  Chart 


BEECHCRAFTSundownar  180  Section  V 

C23(M*1 285  and  After)  Performance 

WIND  COMPONENTS 
Demowetrated  Crooewind  Component  la  17Ma/20mph 

CXAMW.t 


VMNO  SrtEO  20  KTS 

AMGU  BETWEEN  WIND  DMECTION  AND  EUGHT  PATH  S0° 


HEADWIND  COMPONENT  1 3  KTS 

CBOSSWINO  COMPONENT  IS  KTS 


fUGHT  PATH 


February  1979 
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0.  Takeoff  and  Landing  Data 

9 

t  TAKE-OFF  DISTANCE  -  HARO  SURFACE 


AltfClATil  iTiOatS 


TAM  orr  ft^cCM 


FO«Vl«  f  jlL  TMHOTni 

MIKTuRI  LIAM  TOMAKWNUM  MRM  tMlM  IMSMCMiilOMfiV 

FiARI  U* 

AUMWAV  LiVCi.  ONV  MAlietUAlACI 
MUiOMT  lAMlM 


Lirr  O^F  M  «T«  M  MRM 

ATtOFl  T«KT»Mtt»M 


niMO 

~ 

UALtVtL 

1000 

n 

" 

4990  FT 

" 

90WFT 

9900 

FT 

1  COMROMIMT 

oom$ 

,  BtilMlAV 

041 

SROUMO 

ftOik 

T0T*r 

OVIR90  9T 

OMIACLl 

OAT 

CROiMO 

ROLi 

TVTAl 
0VIR90  9T 
OAlTACif 

OAT 

QIIOUBiO 

ROLL 

TOTAL 

OVfRWFT 

OMTACLI 

OAT 

CROUMO 

roll 

total 

OVIN  MFT 
OMTACLI 

OAT 

9R0UW0 

ROLL 

tAVal 

OV|R9fT 

OMTACLI 

RMOTI 

*» 

;s 

riir 

HIT 

•# 

C 

Tiff 

rilT 

•f 

FIIT 

HIT 

7 

C 

H(T 

TffT 

•f 

*C 

HIT 

FIIT 

1 

1.7 

1593 

1 

1049 

1909 

n 

9 

o 

1199 

3091 

1 

>39 

3334 

'1 

9 

21 

1991 

4  1 

A 

1070 

1797 

34 

1 

1199 

1007 

17 

3 

1333 

339 

30 

19^1 

1904 

1] 

11 

179 

979 

>  0 

99 

Ifl 

1130 

1999 

53 

11 

1193 

1114 

49 

7 

1491 

1539 

M 

1701 

1994 

31 

1 

1H7 

3311 

11 

15 

1349 

7155 

70 

It 

1419 

1415 

93 

17 

1940 

191 

W 

1 

199 

3104 

41 

1 

1173 

3971 

1 

96 

“ 

t»3 

1399 

99 

31 

19H 

1701 

91 

17 

i9e» 

397 

74 

33 

30U 

399 

97 

19 

1404 

40M 

'9| 

719 

1494 

19 

■9 

•39 

1093 

9 

•13 

991 

1993 

1 

17 

119 

ll«9 

•9 

11 

1779 

149 

41 

5 

ill 

1919 

34 

1 

939 

1941 

17 

] 

107T 

3109 

10 

1143 

1401 

13 

11 

149 

179 

18 

69 

t| 

904 

1793 

91 

11 

10*1 

Ma 

M 

7 

1109 

199 

9 

139 

974 

31 

1 

199 

397 

n 

n 

tool 

1990 

70 

11 

1199 

mt 

93 

17 

1339 

197 

M 

1 

1949 

99 

41 

f 

1793 

349 

91 

n 

1107 

11« 

99 

31 

117* 

im 

91 

17 

U79 

199 

74 

33 

1714 

977 

97 

19 

199 

1799 

9 

690 

1337 

19 

J 

•97 

1913 

9 

■13 

741 

179 

3 

17 

973 

199 

4 

11 

1017 

1379 

41 

1 

939 

1490 

34 

1 

79 

1700 

17 

3 

••7 

1944 

10 

99 

2717 

13 

II 

1149 

199 

M 

69 

<» 

701 

1944 

U 

11 

919 

190 

41 

7 

949 

1194 

9 

3 

1107 

193 

31 

1 

<91 

994 

» 

3i 

7« 

109 

70 

11 

910 

39N 

U 

17 

1090 

1401 

M 

13 

1137 

779 

41 

1 

1449 

3174 

95 

- 

999 

3017 

= 

31 

lOtl 

1371 

|1 

17 

119 

193 

>• 

33 

1379 

3091 

97 

19 

1913 

CT 

2 


«o 

<0 


i 


f 

42 


A|IOC>AT|0  eOMOlTlONl 


LANOfNO  DISTANCE  -  HARD  SURFACE 

uMPiMo  mm 


FoiKR 

■Oil 

AT9rT 

MRTOniBRM 

10 

WiifuRI 

Rich 

TOUCMOOnrW 

91  rro-TOMPw 

TlaH 

9* 

(0 

■gww4v 

LI  ViL  ORV  MaRO  9URFACI 

«n  lOMT 

149  L« 

•fifvo 

COMFONfRT 

0091 

•UM8AT 

847079 

_ M«HV«C _ 

r 

MOO 

FT 

woort 

MOO  FT 

1000  FT  1 

OAT 
*F  ’e 

IROuaiO 

ROLL 

HIT 

TOTAL 

OVIR97T 

OlOTRCtI 

HIT 

OAT 
•F  ‘C 

OROUNO 

ROLL 

FI9T 

t6Tal 

OVtRfOFt 

OMTACLI 

HIT 

•re 

^^tal 

OVIRSOFT 

OMTACLI 

FIIT 

OAT 

•f  ’C 

5R0U4«0 

ROLL 

FIIT 

^OTAL 

OVtRIOFT 

OMTACLI 

HIT 

OAT 
•f  •€ 

BROuatO 

ROLL 

HIT 

TOTAL 

OVIRWFT 

OOTTACLI 

HCT 

21 

> 

94 

1409 

19 

9 

991 

1497 

9 

13 

739 

1931 

1 

790 

1000 

•9 

11 

IN 

1971 

41 

1 

979 

1449 

34 

1 

719 

1109 

77 

3 

791 

159 

9 

■' 

910 

1044 

11 

11 

Ml 

17M 

0 

9 

M 

703 

1494 

91 

It 

749 

1949 

45 

7 

91 

1917 

M 

j 

940 

1MI 

31 

1 

•M 

1779 

77 

9 

717 

1571 

70 

11 

771 

IMT 

93 

17 

919 

1990 

99 

>j 

•71 

1740 

49 

1 

•N 

1927 

99 

75' 

199 

99 

11 

799 

1919 

|i 

17 

947 

193 

74 

li 

901 

ITM 

17 

If 

fM 

1991 

11 

9 

4M 

1190 

9 

5» 

1141 

9 

13 

507 

*301 

3 

907 

13M 

9 

11 

•10 

1431 

4t 

1 

5'9 

1377 

M 

1 

953 

1190 

77 

3 

597 

1143 

9 

’ 

914 

1407 

13 

11 

979 

1479 

19 

9 

II 

99 

*157 

17 

ti 

579 

1317 

45 

7 

517 

1391 

39 

3 

■91 

1440 

31 

1 

TM 

>510 

77 

19 

500 

191 

70 

71 

600 

1354 

93 

17 

947 

1410 

59 

•M 

1409 

49 

9 

737 

1599 

95 

n 

591 

1339 

99 

It 

971 

1390 

91 

37 

•AT 

1410 

14 

715 

1530 

97 

19 

799 

1914 

- 1 

73 

Ml 

*005 

19 

9 

390 

10«» 

• 

13 

471 

1095 

7 

17 

4M 

199 

• 

»» 

493 

1111 

41 

5 

17f 

>017 

14 

1 

409 

1079 

77 

3 

443 

*177 

TO 

7 

49 

not 

13 

11 

119 

17M 

m 

w 

•5 

997 

1060 

57 

1 1 

49 

1107 

45 

7 

494 

1*53 

19 

] 

501 

UN 

31 

* 

944 

*193 

77  119 

419 

■  091 

70 

It 

449 

1139 

93 

17 

409 

1700 

M 

13 

519 

1194 

•• 

• 

•M 

1334 

414 

1M4 

« 

It 

4«9 

1173 

!1 

L” 

500 

I7J5 

lil 

a 

590 

>103 

•I 

a 

•99 

1379 

iD 
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Section  V  BEECHCRAFT  Sundowner  180  BEECHCRAFT  Sundowner  180  Section  V 

Pertofinance  C23(M-1 285  and  After)  C23(M- 1285  and  After)  Performance 


E.  Cliab  D«ta 


BEECHCR  AFT  Sundowner  1 80 
C23(M- 1285  and  After) 


Section  V 
Performance 


vvfVIC, 


rucu,  Mniu  DISTANCE  TO  CUMB 


AMOCiATio 


M«nM 

•iA8» 

WVHOMt 

tfAMOMOOAV 


*Vfu  i>4iionvt 
U-AM  to  j»AJOMUM  MM 
Tt«ii  iMtei*  tudiiirtr 


aSST/sysf*  »“" 

ALttnjOf  « 

pMi  TO  OMt  J0.|  . 
gft  to  gjMi  >».i>  a  I  ^ 
mt  TO  CUMO  17  t2  ' 


’•RTSrfO  M8M 


t: 

e 

3 

P 


r 


10  JO 

TlMt  TO  CIMS  MINUTES 


J. 


X 


1  - 1 - r 

2  3  « 

ruEL  TO  CUMB  ~  GAUONS 


X 


r  T — I - ' — r 

10  20  jlo 

DISTANCE  TO  CUMB  ~  NAUTICAL  MILES 


February  1979 


«o 
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F.  Cruise  Data 


Section  V  BEECHCRAFT  Sundowner  180 

Performence  C23(M- 1285  end  After) 

CRUISE  PERFORMANCE 


STAMOAIIO  DAV 


TOWiO  SCTTIMOS 

6ANQC  •  N.M. 

ALTiruOi 

THAOTTtl 

bulk  9LOW 

TAS 

INITIAL  9UCL  0N60AN0 

MTTIMOi 

(UOAOkit 

AttT 

AMA 

•Mb 

OAUMA 

KnMOH 

TQkl 

I2  6AI 

2200 

66 

13.2 

1M/143 

276 

466 

2tOO 

2000 

23 

10.4 

113/130 

316 

639 

2MO 

60 

92 

100/110 

396 

660 

2200 

66 

129 

123/142 

272 

471 

3S00 

2000 

21 

10  1 

112/1M 

319 

661 

2300 

60 

6  1 

06/113 

912 

2200 

94 

120 

123/141 

im 

464 

4000 

2000 

70 

99 

111/122 

320 

693 

2300 

69 

90 

96/113 

304 

M2 

2096 

92 

120 

122/140 

209 

400 

6000 

2000 

68 

99 

110/122 

333 

M3 

2300 

69 

7  9 

97/112 

306 

600 

3Mt 

29 

119 

121/130 

306 

612 

0900 

2000 

02 

94 

106/126 

337 

672 

2300 

M 

7  9 

96/110 

340 

M2 

2600 

72 

11  2 

1  M/1 36 

306 

621 

2000 

2000 

66 

92 

106/120 

340 

670 

2300 

67 

7.0 

00/106 

M* 

M7 

2620 

70 

1Q6 

110/136 

310 

633 

tsoo 

2000 

96 

00 

100/134 

341 

M2 

2300 

67 

76 

64/106 

341 

670 

2662 

23 

100 

112/139 

319 

943 

0000 

2000 

04 

9.0 

102/123 

260 

666 

2300 

57 

70 

93/109 

334 

971 

2604 

21 

102 

119/133 

320 

649 

10.900 

2000 

63 

9  7 

106/122 

340 

M3 

2300 

62 

7  9 

01/1 01 

329 

6M 

NOTCt:  1  KOMf*  ntn.  t»a«.  c>>mA.  •  4|  fWiAwit  M  2)00  MMil 

2  Cftiia*  p«r(o*ivt*<wt  it  bM*d  on  Omi  PAsmi  Mittv’A  to  mAstfnw**i  AH* 

*0'  •  t*«»n  iftfAtti#  Mn<M« 

3  it  »•  tacemmAndad  (KM  e*  ibau  ba  •■i»p'>*tM  $f*e  iKai  a  *wai  io*  b* 

ma»iita(Aad  tbOMRAf  fttw  pama>n<nt 

A  Ape  a  bA«1>evUH  RAM  tft*  lubi  tiow  tnd  trw*  ArnpMO  m"  tb'y  tnt^  ta"iO>r» 
ttHb.  To  «»tbrm<na  m  fUftit  W  Abas,  bftt#  thb  ifb*#  bt  tftb  wbbtbii  b'tftMdt 
bbftbibowdirti  tb  tbb  tfMbiiy  bitttwtH.  and  iRb  bctubi  trwb  birMbd 


AMCiATtO  CONOrrtOMt: 

»nwan  Ahttvda  AOOO  fwi 

OAT  M*P 

iwdicaiid  Arnbiad  in  mi 

gSAAIPtfr 

Obwaiii  ANHisda  g200  faaf 

Ac»s<  Tfvb  Aifiaabd  121  ktt 

Ciw  wirfiwt  Abttwdi  bA  T**a  MOO faai 

InibvdolbliAt  ^ambr  1121  kit  rt  02A  o*  lb# 
difiaeana*  bbiwbsn  ilOand  1^  hitl  t2% 

Aval  ribw  (12  Of  f  •  2  «  a  02  • 

22«0f-11l)  nt^iAx 
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Februery  1979 
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6-6  F«bru»fY  1979  6-12  February  1979 


IV.  Welsht  and  Balance 

Naxlnun  Reap  Weight  *  2455  lbs 
Maxlaun  Take-off  and  Landing  Weight  *  2450  lbs 
Maxima  Baggage  Conpartoent  Load  -  270  lbs 
datum  LEMAC 


'LEVEL  POINT 
BAGGAGE  FLOOR 


TAIL  TIE  DOWN 
F.S.  286.9 


JACK  POINT 
F.S,  129.4 


F.S.  126.438 


A  -  NOSE  TO  PLUMB  BOB 
B  .  DATUM  TO  PLUMB  BOB 


C  '  DATUM  TO  MAIN  GEAR 


|r  m  •■•a'VAtiOfcc 

li««iy  ••««««  1BWMF'- 

L« » ■  fi  M  ^  S  ftlHi  «  Ml  »’ «MI »  MMIl 

y  »  «  »  ^  M  ilM  «  «  «»«  ft  «’«  « INI  !R« 

«  M IPK  <lMi  »*  «  r  BWkft  ««« w« 

fc'5*  ssuft*  ^.«  vBiu&.nari6R»»»'#^ 


r  ^ y '«  n- r  •  uW  ?a*9>:y  v  mm 

k-  -.J  ««*?<«  S5»'  >  r  •-  ^\s 

■.■■>•.  -a.  ^  \.  -a 


mKmrnm^  mm 

’^mmmitmm 


smmmmmmmm 
\r.mmmmmmmm»» 
^  mmmmmmmmmmm 
rnmmmmmmmmmwm 
II 

:t«0  r  aw*  HAIftfllMSCS 


.•tf  ?»-  s.rtr:* 

,  tF  :.  W  .•;  ii  jp  >.i  **9  i 
5v  ■(•■>  'irfV  -j  ^  >J 
9,»»^3<r  -  ft  rft  lems-  -« 
.4  y  .*«*  i»;  ftL  -'ti  J> 

.-A  -4-ft  .  V  <46)  X  Ik: 
»»3HM  ^AatfSiBy 

mmmmmtm 

it  vs  ^  ft  « 
ftAftt.iE 

itfU  .)  %f 

»  sfjS 


I  Mr:  I#  «ft  y  V  ■!«  *  K  B  y  A  B  ft  I 

'flr.  «*  ftftk  B  r  ft etiiirir  ft  r -A- y  *  I 

_  Iks..  >^y  ^^ftr<ajlf4WSa'*iK«  .«  !*»«»*  I 

’jm  Wt^d  m  ft')-;' 

n  ft  ft  ^  ftft  B  ft  ft  ft  ft  B  B  B  ft 

jr  By  «ft  ^  ft  »»»  B  j  >?».»«».  B  ft  Ft  k .» *» 

I ft  ftMM  ft  ftft  ft  ft  ft  ft  «  ft  «  ft  ■  k  A  ft  r  S  &■:  BTft 
ft#  «  ft  MB  X  k  ft  ft  ft  a  ^  ^  w  ft  ft  ft  ft  ftft  ft  ft  SF  » 

^  ^  II  il  ft  ft  ft  M  ft  ft  M  ft  ft  ftftft  ft  ft  ft  0  ft  IMBft  ft  ftBi » 
-U  fttt- ftli  M  ftfti  ft  ft  ft  ft  ft  »  M  ft  M  ft  ft  ft  Mfi  ft  ft  ft« 

'dtft  MlW  WftmftftBIftftftftIBft 

r  vBftftftirftftftvftftftftMftftftftftyiyMftftVftftftftft 
yftftyftftwrftftftft^^ftWftMftftftftftftftsr 


I  ft ''MSrMr  F*  *«»  ft  t  BftftftftftftftftftftftftftftMftftWftft  ftftftftl 

Nir  ft»ftftft«n>KftJlftttftftft«ft«K*ftftftftft^ 

|Aft‘’.r«MftUftft^.ftftft«ft<«B--'-r(4««^«ft»Mftft»itft|lMft»ftft««ftftftttftft| 

- vtftr-.  Bftftftftftftftftftftftftnrgmut^ftft  ftftftfti 


LOADED  AIIICIUrT  MOMENT/ 10, 000 
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Wt  and  BaVEquip  List  C23(M-1285and  Afterl  WtandBaVEquipList  C23(M-1 285  and  After) 
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6-18  February  1979 


♦Effective  M-1285  thru  M-2006 
♦♦Effective  M 


Reciinirtg  seat  with  back  m  full-up  position 


•'Values  computed  from  a  CG  criterion  based  on  a  170  pound  male  Differences  m 


physical  characteristics  can  cause  variation  m  center  of  gravity  location 


A-43 


Section  VI  BEECHCRAFTSundowner  180 

Wt  and  BatCquip  List  C23  (M- 1 285  and  Aftetl 


8EECHCRAFT  Sundowner  1 80 
C23(M-1285andAfier) 


Section  VI 
Wt  end  8e(/Equip  Lin 


USEFUL  LOAD  WEIGHTS  AND  MOMENTS 
OIL 

(Included  in  Basic  Empty  Weight) 


ARM  48 


CITS 

WT 

MOMENT/1 00 

8 

15 

7 

USABLE  FUEL 


ARM  117  1 

GALLONS 

WEIGHT 

MOMENT/1 00 

5 

30 

35 

10 

80 

70 

15 

00 

105 

20 

120 

140 

22 

132 

154 

25 

150 

176 

27 

162 

189 

30 

180 

211 

32 

192 

225 

35 

210 

246 

37 

222 

259 

40 

240 

281 

45 

270 

316 

50 

300 

351 

52 

312 

385 

55 

330 

386 

57 

342 

400 

58 

348 

407 

February  1878 
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Section  VI 

Wt  end  B*(^quip  Li«t 


BEECHCRAFT  Sundowner  1 80 
C23IM-128S  endAfter) 


USEFUL  LOAD  WEIGHTS  AND  MOMENTS 


BAGGAGE 


ARM 

167 

MOMENT 

WEIGHT 

100 

10 

17 

20 

33 

30 

50 

40 

67 

50 

84 

60 

100 

70 

117 

80 

134 

90  ^ 

150 

100 

167 

110 

184 

120 

200 

130 

217 

140 

234 

6  20 
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APPENDIX  B 


Test  Plan 

Sierra  C24R  Limited  Performance 
Evaiuation 
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liNMIl-.I)  STATKS  All;  FOKCK  ACADCMY 
COI,ORADO  80840 
DEPARTMENT  OF  A'-  ' ONAUTICS 


AERO  495 


TEST  PLAN 


IKURA  C24R  LIMITED  PERFORMANCE  EV'ALI'AIION 


JUNE  1982 
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rKS'l'  PLAN 
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KUCHT  IT-ST  instrumentation . 
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TKsr  ri.AN 


nKPAKl  HKNi  .>F  AKKONAl' I' U.S 
SIl'RRA  C2ift  I  IMITED  PEKFORMANCI-.  rVAI-UAIlUN 


’  n:  i  kudi'l  r  ion 

A  liiiiilid  [lerl  onnoiici^  evaluation  of  the  Reueii  Sierra  C24R  will  lie  ..au'.i  ■ 
il  I  hf  I'.  S.  Air  Foree  Aratlemy  by  Department  of  Aeronautics  (DK/VN)  fainli  ,  c: 

.luii  I  l\i-  ■. Indents  enrolled  in  Aero  495.  Flight  testing  will  be  conducted  during 
t'h  i'l  ill.  semester  from  the  fifth  to  tenth  week  of  classe;..  Results  .  ;  J.> 

.  \ .  i:  1 1  i  cm  will  he  presented  in  a  formal  oral  ro-port  given  hv  i  ,u  h  d  Iw  i' 

.'  I  I  isims . 

S'!  Il  l  n  vf.s 

I  l.i  .'tijei  1  Ives  (It  this  evaluation  are  to  determine  the  Sierra  ildiK's  •<.  n.  i 
1  I  el  m.mi- e  characteristics  and  to  compare  them  to  the  coiit  rac  coi  ’  s  I'ligti!  '!.i:;:i.i  I  . 
In  aldltlop,  certain  contractual  guarantees  are  verified.  Specific  objectives 
1  i)  1  lew. 

A.  laket)f  f  Performance 

-  defi'rmine  takeoff  power  ground  roll  using  the  Flight  Manual  laki'ui'. 
procedure 

-  verify  the  takeoff  performance  predicted  in  the  contractor ' s  Flight 
M.inua  1 

.  dllmb  Performance 

-  di.termine  the  full  throttle  maximum  rate  of  climb 

-  dctetinine  the  lull  throttle  best  angle  of  climb 

-  verity  the  climb  performance  predicted  in  Ihc  c  oiU  i  ,1:1  or '  s  Kliiiii 
Manna  1 

I  .  b'-‘'£5iJ  turn  Per  I  orni.ince 

-  deievmine  the  level  sustained  turn  performance  in  cruise  power  ,ii 
’ , /OO  rpm 

determine  the  speed  for  optimum  susL.iined  turn  peri  ornianee  .n  t  .. 
lest  a  1  I  1 1  lute 

1'.  I'.rnise  I’erlormaiue 

deti-rmine  the  airspeeds  and  rpm  for  maximum  range  and  rnaxiiimm 
endur.inee  as  derived  from  test  data 

determine  the  aircraft  drag  polar 

(.mip.ire  test  results  with  the  ront  rac  tor ' .s  Flight  M.iun.i  1 
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1.. 


PerU'rmanco 

-  (iftt-rmine  the  propeller  windmilling  best  no  wind  glitlc  ratio 

-  determine  the  best  glide  speed  and  minimum  sink  speed  wiie  piej.i  '  i . 
wi ndml 1 ] lug 

-  e<;nipare  test  results  with  the  contractor's  Flight  Minua.l  ma  inaini 
glide  cont  Igiirat  ion  of  91  knots 

F .  i . o n t  r a i.  t_u^  1  Guarantees 

maximum  speed  at  sea  level-1-42  knots 

-  cruise  speed  at  75Z  power,  10,000  feet-137  knots 

-  range  with  45  minute  reserve  at  753  power  at  10,000  teet-o’^n  !  . ci  i 
miles 

-  rate  ot  c  I  imh  at  sea  level-927  ipni 

-  service  ce i 1 Ing- 1 5 ,  185  feet 

Ari HOh I lY 

;hi.'.  ti--4l  urogiam  will  he  ciniducted  bv  Dopartment  ol  Ai'l  I'liaut  i  c;,  ;  ,icu  I  :  ,  : 

•"*  IntegiMl  parr  of  the  curriculum  for  Aero  495,  a  co.irse  in  ili-.iu 
le-.i  Iia  hniqucs.  1  fie  program  has  the  approval  of  the  Super intendenl  ,  the  !)>  an  o' 
the  la.ulte,  the  Head  ot  the  Department  of  Aeronautics,  and  the  niroctor  o.  FI igi 
Opi-[.(t  uu,  Hedrick  Beechcraft  Inc. 

TKSI  ri.A'l  OKUANI/.AI  ItiN 

list  t.ain  organ  litat  ion  shown  in  Figure  1  will  consist  of  two  I1K.\N  f.ciit 

^-iadenl  I  1  tght  test  engineer  teams.  Each  tc-.st  team  will  .-ssi.-- 
'-o'lliv  pilot.  A  Test  Director  for  each  team  will  be  a;i;...inu  *. 

.  ..ordin.i.-  the  e.u  i  r.-  evaluation  effort.  He  will  in  turn  appoint  Individ. ,  i- 
*■'  "I  .'Kh  l.-s(  area  (i.O.,  data  monitors).  It  will  he  tile  data  me.iit,:’  . 

I  e-.poii-.  Ip  !  I  1 1  V  to  specily  the  tests  to  be  flown  in  support  ot  his  ti-sr  an,. 

■If  ..-,  'o  !.e  .isslgiied  .are  takeoff,  climb,  turn,  cruise  and  descent  perlormai,.  . 
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DKPARTMENT  Of  AKRONAUriCS 
PROFESSOR  AND  MEAD 
COl.  DAl.EY 


1-  i  gu  t  € 


oi’i',n.\  r  ii'ixs 

Un.'K  l',K  HI'  !  t  IlCI  Ai'i 

MR.  i  iM.I.KARM 


COURSE  PILOTS 
MA.)  CRENSHAW 
CAPT  ROBERSON 


TEST  DIRiC  10,: 
TEA'-'  1) 

PROJECT  l.NiOSii.SS 


1.  Organ)  zal  ioi!  Cliart  1 
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SlOl'K/SCHKnULL 

Mil-  v.i  1  u.i  l  i  o;i  will  consist  of  sorties  as  specified  in  iabjc  1. 

Talile  1.  Dat.i  Sorties 


Test 

1-UkIiI  M 

I  akiH't  I  i'l  1  I  orni.nu f 
(  I  iii  SI  I’ei  1  oi  niiiiK  e 
l  orn  f’e r t  o I maiu  o 

FUniil 

Takeol  t  I’ertormance 
I  limbs  and  Descents 

*  1 ot  a  1 


Sorties 
Per  Test  Team 

2.  S 


2.b 


5 


F 1  ;  i.,li  1  11  nil 

Pei'  Sort ’I 

i  .  0 


*()ni  sortli  will  be  shared  by  both  test  teams. 


rll.Ji!  "1  and  f'2  .ire  si'nediiled  as  shovm  on  the  Integrated  A.ademie.s  and  FI  vine, 
'Slieiiule  lor  Aero  <9:>.  Mission  time  will  not  exceed  1.0  hour. 

I.IMITAI  IONS 

riio  lollowing  limitations  will  be  observed  during  this  evaluation. 

A.  Ihe  aircraft  will  be  operated  in  .accordance  witli  the  Airpl.tnc 
ISiiiua  I  ,  FAK  Part  9l  and  .ill  Beech  Aero  Club  Operating  Instruct  iims . 

It.  All  d.ita  sorties  will  be  flown  with  one  DFAN  faculty  pilot  and  two 
'■.nil  Is. 

'.  .  111.!  lug  will  Hilly  he  accomplished  under  VFK  daytinio  conditions  ii 

10,000  I  t  MSI.  .ind  below. 

'll.  All  testing  will  be  accompl  lshe<l  within  the  local  living  area  oi 
i.oloi.nlo  Springs. 

IFSl  AIH(,KAF1  DF.SCKU’jJON 

ITu'  Beeciii  r.it  I  Sittr.'t  C2aR,  manufactured  by  Beech  Aircral  t  Corporation. 

I-.  I  six  I’la,.-,  retr.ul.ih1e.  general  aviation  aircraft  powered  by  one  fiu  i - 
inje.ied,  a-vvllnder,  200  HP  Avco  Lycoming  engine.  The  propel ler  is  ,i 
liailgill  cons  t  .in  t- speed  ,  two-bl.idc,  aluminum-alloy  I’roj)  with  spinner.  Si.  i 
Flgair  2  ler  general  dimensions  and  Table  2  for  Aircraft  l.iini  tat  inns . 
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‘lixinuini  I.. incline  Weight  11'  i 

I  !i.^ht  M.itiL'ii vtT i n>’  Load  Factor  Flaps  Up  +).F  i  -l.'K; 

Ill^lit  Mauouv.-r  In^;  Uoad  Factor  Flaps  Down  +1.9C; 

'I  ic'  iivcr ,  I'l.mk  AiU’U”^  No  More  Than  60“ 

M'  (■  V  1  l  e  (('ill  uv; 
list  r  i  .111  (,  c  i  1  Iri); 


i'l  K.ll.  IKSr  iNSlKUMi-NTAllON 

'I!  U'lit  d.a.i  will  l>>_  hand  recorded  usin^  standard  icnkpii  j  n.;  •  r  ai:.  ■ ;  a  i  : 
liu-  Ills  I’xccpt  Isnis  arc  the  use  of  an  acsiel  erometer ,  a  stof)wat<h  ind  ,i  ,  ■  ' 

I  . 1 1  u  ■  1 1  ■  1  , )  r  d  »•  r  . 

Wl  1 1  II I  AMI  hAl.ANCh 

"  1  liled  w.  i>;liL  and  nalama-  roa'rds  for  each  aircraft  -aa  .'Viil  ihl.  it 
'laiiih  ihl  clic  r,i  I  t  .  I'rior  lo  every  data  mission,  student  List  or.;  imei  s  vs  i 
ill'll. Ill  .lircr.i't  wel^itit  .ind  hal.ince  data  for  both  takeoi  I  and  landing. 

II  .1  '.'l.^^;Kll■^  lilN,  I’KOCl.DUHr.S 

'nli.'.s  eflnrwi'ie  noted,  all  performance  tests  will  be  periormed  w;:i 
.  n  II  operating,  1, Hiding  gear  and  wing  flaps  retracted.  All  dar.i  will  .. 
i.  i  i'l  'lul  vuice  recorded,  and  manually  reduced  to  standard  aiiir  ili  wei.jit 
.iiiil  1 1  11'..), -1  pile  I  i  1  conditions.  Specific  test  techniques  for  each  area  v;ii|  . 
lovered  In  classroom  lectures  and  handouts  from  references  d,  1,  and  t . 


15,385  feet 
10,000  feet 
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A,  ..iki-'iili  r^rt  ormanci; 

I'Ik'  t.ikeol  f  >;round  ri)ll  will  be  determined  and  h  ind  recorded  l"r  each 

,OI  1  1  . 

AJ  i  takeoffs  will  be  made  wltfi  15°  of  flaps  in  ariurdancc  with  I'l 
.ii  ii.i  (  .'aR  Airplane  KllKht  Manual. 

i:.  I'liuil)  l'er_l  ormatii  c 

1. 1  imb  data  at  different  airspeeds  will  be  obtained  using  sawtooLti 
1  .  Data  will  he  obtained  at  2,700  rpm  with  mixture  adjusted  for  best 

•uf.j,  r  at  test  altitudes  of  8,000,  8,500,  9,000  and  9,500  feet.  Kngiiu 
o|ieiatlng  limitations  as  specified  in  the  Flight  Manual  will  be  lol’owcd. 

A.  hovel  Turn  I’erlormance 


I'urn  per  f  ormaiici'  fi'r  tlie  Sierra  will  be  determined  f  ro,’.i  stabilizi'i 
t  !tn:.  .It  varl.uis  altitudes  and  airspeeds.  Data  will  be  ('btainci  at  .',700 
rpi;..  ,'i  lull  throttle,  between  7,000  an<l  10,000  feet.  l.ngine  .iperatlii/ 

1  I  111  1  t  a  t  i  iMiH  as  described  In  the  Flight  M-inual  will  be  followed. 

!'.  >  rulse  Performance 

Cruise  performance  will  be  evaluated  using  the  I'j,^,  versus  Vjv  I'-  -  1 
le.'uinpn'  cov.e<l  in  references  2  and  4.  Using  the  backside  trim  shot  tech- 
uiijue,  the  iircr.ilt  will  he  stabilized  at  several  altltudt.  and  airspeed 
'.  MT  in, it  ion,'..  Data  will  be  obtained  at  altitudes  between  7,000  and  It), ODD 

I  eet  . 


I'..  Uesceiit  Pertorinance 


Descent  pertovmance  will  be  determined  at  various  air.spceds  at  li.'-f 
Ciiiudi-s  of  ■s,i)00,  8,500,  9,o00  and  9,500  feet.  The  aircraft  will  he  .ipcraiiJ 
wiih  tile  throttle  at  i  d  U*  .ind  propeller  at  high  pitch  tor  g,i  t  her  i  up  thiae;-' 
tal  l.  rhe  Flight  Manii.il  restriction  concerning  prolonged  idle  seMiags  wil! 

Ue  ell  ,e  rV(.'d  . 


.  kAiNlNi. 


l.etli  DF.AN  tacultv  pilots  will  have  at  least  an  lA.'v  comraerciai  fiiUit 
I  It  111)'  Old  be  i  orrent  in  rhe  Beech  Sierra  024R  in  acciirdaiice  with  KAA  an.i 
li.  ill  il  k  Bci'ihcraft  Aero  i.luh  .standard.s. 

Ail  .  adef  s  vsitolled  in  Aero  495  will  participati  in  the  1  icing  ;'Oti.  u  . 
i‘i  I,  lira. I  .IS  passengers,  only  .lud  will  receive  .ippropr  i,i  t  e  .tirciaCt  cticia  i‘  i 
ir,  '  ii.'l'.  1  asl  rue  t  ion  .  .Ml  the  performance  Might  test  t  i‘ch’i  i  qai  nnaii.  i 

.  I  ''I  data  will  ht  covered  during  cl.issroom  lectures  pr  i^ir  to  the  't 
■  It  uli  I .  h  t  M-  V  will  lu'  u.sed  . 


B-]  1 


iDf.iJ  flviiiK  uoatlier. 


'  K  i  W  1  ‘  I  I  i  1',  .s 

A.  Plh.L 

1  .  Clu-I'k 

llrii-t  stiidi-nis  on  mission  profile,  .ind  prouiul  .nut  in-'lu'ii  •  ' 
i.  i.lukk  uu!  int  en.iine  status  of  aircralt  and  yuvUirm  'la  1  i  i'’  . 

■1.  I’rovldt-  a  stopwatch. 

Provide  the  tachometer  reading  at  which  the  ainraf!  u,’.^  r.  '  ■  . 
nJ  I  he  qiian:  ilv  o!  Inel  and  oil  on  board. 

I).  Act  as  pilot  In  conmand  of  the  aircraft  and  >ccupy  tlie  eic  ii 
seal  at  all  I  1 mo  s . 

h .  Students 

1.  bring  data  canis  and  a  clipboard. 

.  t'oniplete  lirer.ift  weight  and  balance  form. 

1.  t'.umpute  t  akei^ft  d.ata  using  temperatiire  and  pressut  e  altitiu;  ■ 

|1 1  O'.  1  ded  h  V  the  pilot. 

I.  I'tovide  i.i.sseiie  t.ape  player  for  each  (light,  (ofitional) 

Kecoid  t  n  lioiiu'l  <T  reading  at  whieh  the  aj  re  rail  was  rel.u  A.!  •! 

the  ■lu.uuilv  ol  1  ue  I  iiul  .’11  ,)n  hoard. 

0.  Cadets  viil  be  assigned  to  two  man  teams  lor  purposes  a’  talle 
I  lie, hi  test  data.  Plight  > row  duties  will  be  rotated  each  flight.  Aloag  wit 
tin  pilot  wlio  will  t)t  nrim.irlly  eorna'riU’d  with  prei.i.sely  !  1  \  i  up  t  lie  .i  i  lu  f  i 
hell,  ..ulets  wll.  act  is  lookouts  and  notify  tlie  pilot  immediately  oi  r  .lii- 
t  at  sighted.  llie  >  .idol  in  the  right  front  si-at  will  art  a.  a, it  a  ohs.  i  .  .  ; 

Uid  1  Ineki'cper  and  the  cadet  in  the  rear  scat  will  .icl  as  data  icoidei. 

1  cv 

Plight  personnel  will  adhere  to  the  following  whiK^  on  the  tile' ili: .  a 
111  .iiul  around  lie.'  alrci  all; 

Smoking  Is  prol-.ibited  in  or  near  the  aircraft. 

h.  Stall  Pi' I  t  s  will  he  worn  .at  all  times. 

■  .  Plight  piisoniH'I  will  be  sealed  in  the  .lircr.atl  pimi  !■.  engju, 

at  It  I  ind  will  remain  seated  until  the  enginr  is  stopped. 

‘I.  Ktm.aln  clear  of  th<'  propeller  area  at  all  times. 

■  I.' •  ;ioi  'at, Hid,  walk,  or  lean  on  the  aircraft  except  in  desigii.!' t  il 

ire.l'i  . 
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mu  ii;>i  n  .lirci.ilt  windows  or  doors  Lti  fligliL. 


Advl.o  I  ho  pilot  imraedlately  upon  observing  another  aircratt. 


I;.  Do  not  manipulate  the  aircraft  flight  controls  or  engine  controls 
unleis  told  to  do  so  by  the  pilot. 

1.  Advise  the  p!li)t  ot  impending  airsickness.  Use  the  hag.  provided, 
tour  hat,  vour  shoe,  anvthing  except  the  floor  ol  the  lircrait. 

i.  SI  1^'  •  ie.ir  of  taxiing  aircraft  and  other  flightline  vehicles. 

'  OMMAM  Ah!)  l  uyi  Kni, 

All  It  s:  Ing  111  he  aceomp  1  j  shed  will  be  for  academic  pur|)i's  .s  on!'.  id  „  : 

i  c.il  umed  wLLhi:i  tile  restrictions  of  the  Flight  Manu.il,  Part  Dl  ot  tin  FAR's, 
i'  !i  !  t  !<,  lli'eihi  :  ilt  Aero  Chib  Rules  and  the  limitations  imposed  hv  this  Le.st  plan. 

I  I  1  n  I  o  rn:.  1 1  i  on  with  respect  to  this  test  plan  is  une  1  as.s  i  t  icd  . 

I!  :U  FI, AN  AUFINDMKNiS 

\'i  imi'ii.i-'K'nl  t  .1  tills  test  plan  is  required  if  the  11  ight  test  envelope  is 
.  'i.iued  .tr  II  ,inv  limitatiuns  In  the  test  plan  are  made  less  restrictive.  An 
ill.  I. d, lien  1  lo  I  lie  test  plan  must  be  reviewed  and  approved  by  the  same  antherity 
wi.o  ippi  oved  I  lu;  liasic  plan. 
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CONTHN'l'S 


I'llK.lit  1  -  (-'rulse  and  Turn  Performance  . 
I'llufit  2  -  Climb  and  Deacent  Performance 
References  . 
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FLIGHT  1 


Cruise  and  Turn  Performance 


I.  OBJECTIVES 

A,  Determine  power  required  as  a  function  of  flight  speed  in  order 
to  estimate  various  aircraft  performance  parameters. 

B.  Determine  the  sustained  level  turn  performance  as  a  function  of 
flight  speed  and  estimate  optimum  sustained  maneuvering  speed  at  test 
altitude . 

II .  AIRCRAFT 
Beechcraft  Sierra  C24R 

III.  LIMITATIONS 

As  specified  In  the  test  plan. 

I V .  MISSION  EVENTS 

A.  Pilot 

1.  Lineup  abeam  a  runway  light  prior  to  brake  reler.se  for  takeoff. 
Make  Flight  Manual  15°  flap  takeoff. 

2.  Stabilize  the  aircraft  in  level  flight  at  a  selected  test 
altitude  between  7,000  and  10,000  feet. 

3.  Trimat  V^^^  airspeed  at  2,700  rpm/75%  MCP ,  2,500  rpm/75%  MCP, 
2,400  rpm/65%  MCP  and  2,400  rpm/55%  MCP.  Use  the  Flight  Manual  leaning 
prini'dure  for  fuel  flow  and  cruise  cable  for  manifold  pressure. 

4.  Trim  at  different  flight  velocities  at  a  selected  rpm  of  2,700, 
/,b0'\  2,500  or  2,400.  Do  this  by  varying  manifold  pressure  in  1  inch  Hg 
Increments.  Do  not  go  below  15"  Hg  or  above  28.7"  Hg  for  any  rpm  setting. 
Again,  use  the  Flight  Manual  leaning  procedure  for  fuel  flow. 

5.  Perform  stabilized  turns  starting  from  the  wings  level 
airspeed  at  2,700  rpm/75%  MCP.  Stabilize  at  bank  angles  up  to  and  including 
hi)°  in  10*  increments. 

b.  Make  normal  full  stop  landing. 

B.  Students 

1.  Record  takeoff  ground  roll. 
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2.  For  each  stabilized  wln^s  level  and  turn  point,  record  IAS, 
prossure  altitude,  OAT,  RPM,  MAP,  fuel  flow  and  tach  time.  Also  record 
lor  turns  the  time  throu^^h  160  degrees. 

3.  Record  post  flight  aircraft  tach  time. 

V.  STUDENT  POST-FLIGHT  DATA  REDUCTION 

A.  Reduce  data  using  the  attached  data  reduction  sheets.  Use  a 
standard  weight  of  2,730  lbs  where  indicated. 

B.  Plot 

1.  BHPiv,  Viv,  versus  (knots) 

2.  BHPiv  versus  Viy  (knots) 


3.  SAR  versus  Viv?  (knots) 

4.  SE  versus  (knots) 

5.  Cl^  versus  Cq 

6.  Cl  versus  Cp 

7.  nt  versus  VCAS  (knots) 

8.  Rf  versus  VCAS  (knots) 

9.  67^  versus  VCAS  (knots) 

C.  Determine 


1.  Sea  level  maximum  range  airspeed  (knots). 

2.  Estimated  maximum  range  with  57  gallons  of  fuel  at  the  test 
altitude  with  a  45  minute  reserve. 

3.  Sea  level  maximum  endurance  airspeed  (knots). 

4.  Airspeed  for  maximum  range  glide,  power  off  (knots). 

5.  Maximum  power-off  glide  ratio 

6.  Aircraft  efficiency  factor. 

7.  Aircraft  drag  polar. 

8.  Airspeed  for  optimum  sustained  turn  performance  at  the  test 
altitude  (knots). 

0.  Tabvilate  the  actual  true  airspeeds  versus  the  Flight  Manual  predicted 
true  airspeeds  from  the  "Cruise  Power  Settings"  table  for  2,700  rpm/75%  MCP, 
2,500  rpm/75%  MCP,  2,400  rpm/65%  MCP  and  2,400  rpm/55%  MCP.  Use  a  standard 
weight  of  2,600  pounds. 
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E.  Complete  the  "InltiaJ  FllKht  Test  Report". 

F.  Complete  a  set  of  sample  calculations. 

G.  Turn  in  "Initial  Flight  Test  Report"  with  results, 
data  reduction  sheets,  sample  calculations,  and  plots. 


recorded  data. 
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FLIGHT  1  DATA  RECORD  PAG 


CRUISE  PERFORMANCE  DATA  REDUCTION 


TURN  PERFORMANCE  DATA  REDICTION 
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FLIGHT  2 

Climb  and  Descent  Performance 


OBJECTIVES 


A.  Determine  maximum  rate  of  climb  and  maximum  angle  of  climb  and 
respective  airspeeds  at  which  they  occur. 

B,  Determine  best  glide  speed,  best  no  wind  glide  ratio  and  minimum 
sink  rate  and  speed  with  propeller  windmilling.  Produce  a  propeller  wind¬ 
milling  drag  polar  for  the  aircraft. 

I  1 .  AIRCRAFT 

Beechcraft  Sierra  C2AR 

III.  LIMITATIONS 

As  specified  in  the  Test  Plan. 

I  V  .  MISSION  EVENTS 

A.  Pilot 

1.  Lineup  abeam  a  runwav  light  prior  to  brake  release  for  takeoff. 
Make  normal  15°  flap  takeoff. 

2.  For  climbs,  set  RPM  at  2,700  and  adjust  mixture  for  best  power, 
'billze  the  aircraft  in  a  steady  climb  at  airspeeds  of  70,  80,  90,  100  and 

110  knots  on  a  heading  perpendicular  to  the  wind  direction.  At  500  fei't 
below  the  test  altitude,  set  full  throttle  and  climb  to  500  feel  above  t ho 
tost  altitude.  Also  establish  level  flight  speed  at  the  test  altitude  using 
I  I Imb  power.  Test  altitudes  are  8,000,  8,500,  9,000  and  9,500  feet. 

1.  For  deseents.  fly  power-oil  glides  (.  l  lo-or  t  1 1'  idli',  propel  Uo 
high  piteli)  in  10  knot  increment.s  from  UO  knots  to  80  knots  from  500  Uet 
•ihove  to  500  li-er  lie  1  ow  the  te.st  altitude.  Test  altitudes  are  8,000,  H,  >00, 

4 .0(10  and  4 , 500  I  eel  . 

■I.  M.ike  nonn.il  lull  slo|i  landing. 

B.  Students 

1.  Record  t.akoof  f  ground  roll. 

2.  During  climbs,  record  the  time  to  climb  through  1,000  feet  with 

.1  stopwatch.  Also  record  tach  time  and  OAT  at  500  feet  below  the  test  altitude, 
at  the  test  altitude,  and  500  feet  above  the  test  altitude.  Record  RPM  and  MAP 
ai  the  test  altitude.  Record  the  climb  rate  indicated  on  the  Vertical  Velocity 
Indicator  (VVI)  and  elapsed  time  at  each  100  feet.  Note  the  maximum  velocity 
at  I  I Imb  power  in  level  flight  at  the  test  altitude. 


C-12 


I 


}.  DiirinR  glides,  time  the  >;Iide  through  1,000  feet  of  dosc'cnt 
with  .1  St  I'pwa  t  I'll .  Ri'iiird  t.ii’li  t  iim-  .iiul  OA'l'  .it  500  leel  .ilmvc  tlie  ti'.st 
ill  iliido.  It  till'  ti'st  .illitiido  and  ,it  500  feel  liolow  tin.'  Li'st  altitude. 

Also  record  VVI  and  elapsed  time  every  100  feet, 

.  Record  post  flight  aircraft  tachometer  time. 

V .  STUDENT  POST-FLIGHT  DATA  REDUCTION 

A.  Reduce  data  using  the  attached  data  reduction  sheets.  Use  a 
st.indard  weight  of  2,750  lbs  where  indicated. 

B.  Plot 

1.  (R/C)^  versus  IAS 

2.  (R/C)t;  versus  Vi^, 

1.  L/D  versus 

4.  Cj)  versus  C|  2 

5.  Sink  rate  (ft/min) 

C.  Determine 

1.  Airspeed  for  best  rate  of  climb  and  for  best  angle  ol  climb 
on  both  plots  of  (R/C)t  and  (R/C)s. 

2.  Airspeed  for  max  glide  range  and  minimum  sink. 

D.  Complete  the  "Initial  Flight  Test  Report". 

K.  Complete  a  set  i>f  sample  calculations. 

K.  Turn  in  "lnltl.nl  Flight  Test  Report”  with  results,  recorded  data, 
data  reduction  sheets,  sample  calculations  and  plots. 


(knots) 

(knots) 

(knots) 

(drag  polar)  ’ 
versus  (knots) 


for  descents 
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I 
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Vi*(KTS) 
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TEST  PLAN 


DEPARTMENT  OF  AERONAUTICS 

SUNDOWNER  180  C23  LIMITED  FLYING  QUALITIES  EVALAUTION 


INTRODUCTION 

A  limited  flying  qualities  evaluation  of  the  Beech  Sundovmer  180  C23  will 
be  conducted  by  U.  S.  Air  Force  Academy,  Department  of  Aeronautics  (DFAN)  faculty 
pilots  and  students  enrolled  In  Aero  495.  Flight  testing  will  be  conducted 
during  the  Fall  1982  semester  from  the  13th  to  18th  week  of  classes.  Results  of 
the  evaluation  will  be  presented  in  a  formal  oral  report  given  by  each  of  two 
student  test  teams. 

OBJECTIVES 


The  primary  objective  of  this  test  program  is  to  provide  the  cadets  with 
practical  experience  In  flying  qualities  testing.  They  will  qualitatively 
and  quantitatively  evaluate  the  Beech  Sundowner  180  C23  as  a  primary  trainer 
for  Class  I.  The  aircraft  will  be  tested  for  compliance  with  MIL-F-8785C, 
Flying  Qualities  of  Piloted  Airplanes.  Only  chose  paragraphs  of  M1L-F-8785C 
listed  under  the  Test  DescrlpCion/Procedures  section  of  this  test  plan  will 
be  used  in  evaluating  the  Sundowner. 

AUTHORITY 


This  test  program  will  be  conducted  by  Department  of  Aeronautics  faculty 
and  students  as  a  part  of  Che  curriculum  for  Aero  495,  a  course  In  flight  test 
techniques.  The  program  has  the  approval  of  the  Superintendent,  the  Dean  of 
the  Faculty,  the  Head  of  the  Department  of  Aeronautics,  and  the  Director  of 
Flight  Operation  of  Hedrick  Beechcraft  Inc. 

TEST  TEAM  ORGANIZATION 


Test  team  organization  shown  In  Figure  1  will  consist  of  two  DFAN  faculty 
pilots  and  two  student  flight  test  engineer  teams.  Each  test  team  will  be 
assigned  to  fly  with  one  faculty  pilot.  A  Test  Director  for  each  team  will 
be  appointed  to  coordinate  the  evaluation  effort.  He  will  appoint  individuals 
to  be  In  charge  of  each  test  area  (l.e.,  data  monitors).  It  will  be  the  data 
monitor's  responsibility  to  specify  the  test  to  be  flown  In  support  of  his 
test  area.  Test  areas  to  be  assigned  are  weight  and  balance;  longitudinal 
static  stability  and  control;  maneuvering  flight;  lateral-directional  stability 
and  control;  dynamic  stability;  and  high  angle  of  attack  (AOA)  flying  qualities. 
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COURSK  DIRECTOR 
MA.I  CRENSHAW 


I 

TEST  DIRECTOR 
TEAM  A 


PROIECT  ENGINEERS 


DEPARTMENT  OF  AERONAUTICS 
PROFESSOR  AND  HEAD 
COL  DALEY 


COURSE  PILOTS 
MAJ  CRENSHAW 
CAPT  ROBERSON 


OPERATIONS 
•HEDRICK  BEECHCRAFT 
MR.  EBERHARDT 


TEST  DIRECTOR 
TEAM  B 


PROJECT  ENGINEERS 


Figure  1.  Organization  Chart 


SCOPE /SCHEDULE 


The  evaluation  will  consist  of  sorties  as  specified  In  Table  I. 


Table  I. 

Data  Sorties 

Test 

Sorties 

Per  Test  Team 

Flight  Time 
Per  Sortie 

•  Flight  #3 

Longitudinal  and  Lateral- 
Directional  Stability  and 
Control;  Maneuvering  Flight 

2.5 

1.0 

•  Flight  #4 

Dynamic  Stability;  Stalls 

2.5 

1.0 

*Total 

5.0 

i^One  sortie  will  be  shared  by  both  test  teams.  Flight  //3  and  //4 
are  scheduled  as  shown  on  the  Integrated  Academics  and  Flying 
Schedule  for  Aero  495.  Mission  time  will  not  exceed  1.0  hour. 


LIMITATIONS 

The  following  limitations  will  be  observed  during  this  evaluation. 

A.  The  aircraft  will  be  operated  In  the  normal  category  In  accordance 
with  the  Airplane  Flight  Manual,  FAR  Part  91  and  all  Beech  Aero  Club 
Operating  Instructions. 

B.  All  data  sorties  will  be  flown  with  one  DFAN  faculty  pilot  and  two 
cadets . 

C.  Testing  will  only  be  accomplished  under  VFR  daytime  conditions 
at  10,000  feet  MSL  and  below. 

D.  All  testing  will  be  accomplished  within  the  local  flying  area  of 
Colorado  Springs. 

TEST  AIRCRAFT  DESCRIPTION 


The  Beechcraft  Sundowner  180  C23,  manufactured  by  Beech  Aircraft  Corporation 
is  a  four-place,  fixed  gear,  general  aviation  aircraft  powered  by  one  4-cylindcr, 
180  HP  Avco  Lycoming  engine.  The  propeller  is  a  Scnsenlch  fixed  pitch,  two-blade 
prop  with  spinner.  See  Figure  2  for  general  dimensions  and  Table  II  for  Aircraft 
Limitations. 


BEECHCRAFT  Sundownar  180 
C23(M- 1288  and  After) 


146 


7.5 


52.7  Inches 


THREE  VIEW 


Figure  2.  Three  View  of  Sundowner  180  C23 
(Reference  1) 


Table  11.  Aircraft  Limitations 


IAS 

Knots/mph 

Never  Exceed  Speed  (V)|£) 

152/175 

Maximum  Maneuvering  Speed  (V/^) 

Maximum  Cruising  Speed  In  Turbulent 

118/136 

Air  (Vc) 

IG  Stall  Speed,  Flaps  Up  (2,450  lbs) 

136/156 

(power  Idle) 

63/  72 

Maximum  Ramp  Weight 

2.455  lbs 

Maximum  Takeoff  and  Landing  Weight 

2,450  lbs 

Flight  Maneuvering  Load  Factor: 

Flaps  Up 

+3.8  to  -1.9G 

Flaps  Down 

+1.9G 

Maneuver  Bank  Angles  Mo  More  Than  60* 

Sideslips  are  restricted  to  30  seconds  duration 

Service  Celling  12,600  feet 

Teat  Plan  Ceiling  10,000  feet 

PLIGHT  TEST  INSTRUMENTATION 


Test  data  will  be  hand  recorded  using  standard  cockpit  Instrumentation,  a 
mechanical  force  gage  for  elevator  forces,  a  six  volt  electric  strain  gage 
device  for  rudder  pedal  forces,  an  accelerometer,  and  a  stopwatch.  As  an  option, 
a  cassette  tape  player  may  be  used  to  record  data. 

WEIGHT  AMD  BALANCE 

Detailed  weight  and  balance  records  for  each  aircraft  are  available  at 
Hedrick  Beechcraft  and  will  be  reproduced  In  a  handout  for  student  use.  Prior 
to  every  data  mission,  student  test  engineers  will  calculate  aircraft  weight 
and  balance  data  for  both  takeoff  and  landing.  Each  test  team  will  evaluate 
the  longitudinal  and  maneuvering  flying  qualities  of  the  Sundowner  In  both  a 
forward  and  aft  center  of  gravity  (c.g.)  condition.  The  only  approved  means 
of  c.g.  control  will  be  In  passenger  seating,  l.e.,  heaviest  cadet  either  in 
front  or  back  seat.  Under  no  circumstances  will  the  aircraft  be  operated 
outside  the  Flight  Manual  forward  and  aft  c.g.  limits. 

TEST  DESCRIPTION/PROCEDURES 


A.  General 

All  flying  qualities  tests  will  be  performed  with  the  engine  operating 
and  the  wing  flaps  retracted.  All  data  will  be  hand  and/or  voice  recorded; 
and,  as  required,  manually  reduced  to  standard  conditions. 
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B.  Longitudinal  Static  Stability  and  Control 

1.  The  aircraft  will  be  evaluated  against  the  following  paragraphs  of 
reference  2  at  the  test  points  in  Table  III. 

3. 2. 1.1  Longitudinal  Static  Stability 

3.2.3. 1  Longitudinal  Control  in  Unaccelerated  Flight 

2.  (3. 2. 1.1)  The  test  will  be  accomplished  using  one  of  the  methods 
described  in  reference  3.  The  airspeed  will  be  varied  over  a  range  of  +  15  per¬ 
cent  of  the  trim  speed.  The  altitude  will  be  maintained  within  +  1,000  feet  of 
the  test  altitude. 

3.  Using  data  from  both  aft  and  forward  c.g.  locations,  the  stick-free 
and  stick-fixed  neutral  points  will  be  determined  using  the  procedure  in  reference 
1. 

C.  Maneuvering  Flight 

1.  The  aircraft  will  be  evaluated  against  the  following  paragraphs  of 
reference  2  at  the  teat  points  in  Table  III. 

3. 2. 2. 2  Control  Feel  and  Stability  in  Maneuvering  Flight 

3. 2. 2. 2. 1  Control  Forces  in  Maneuvering  Flight 

3. 2. 2. 2. 2  Control  Motions  in  Maneuvering  Flight 

3. 2. 3. 2  Longitudinal  Control  in  Maneuvering  Flight 

2.  (3. 2. 2. 2,  3. 2. 2. 2.1,  3. 2. 2. 2. 2)  Data  for  evaluating  the  aircraft 
against  these  paragraphs  will  be  obtained  using  one  of  the  methods  described  in 
reference  3.  Altitude  will  be  maintained  within  +  1,000  feet  of  the  trim  alti¬ 
tude.  "G"  will  be  relaxed  during  rollout  to  avoid  excessive  asymmetric  "G" 
loads  on  the  aircraft. 

3.  Oats  from  both  sfc  and  forward  c.g.  tests  will  be  used  to  determine 
the  Htick-free  and  stick-fixed  maneuver  points  In  accordance  with  the  procedure 
Outlined  in  reference  3. 

Table  III.  Static  and  Dynamic 
Stability  and  Control  Test  Points 


*Test  Point 

Nu 

Pressure 
Altitude  (feet) 

Trim 

Airspeed  (KIAS) 

1 

8,000 

80 

2 

6,000 

90 

3 

9,000 

80 

4 

9,000 

90 

^Accomplish  each  test  point  at  both  forward  and  aft  c.g.  for 
longitudinal  and  maneuvering  flight  tests. 


D.  Lateral-Directional  Stability  and  Control 


1.  The  aircraft  will  be  evaluated  against  the  following  paragraphs  of 
reference  2  at  the  test  points  In  Table  III. 


3.3.4 

3. 3. 4. 4 

3. 3.4.5 

3. 3. 2. 5 

3. 3. 2. 6 

3. 2. 3. 7 
3.3.5 

3.3.6. 1 

3. 3. 6. 2 

3. 3. 6. 3 


Roll  Control  Effectiveness 
Linearity  of  Roll  Response 
Wheel  Control  Throw 
Control  of  Sideslip  In  Rolls 
Turn  Coordination 
Longitudinal  Control  In  Sideslip 
Directional  Control  Characteristics 
Yawing  Mosents  In  Steady  Sideslips 
Side  Forces  In  Steady  Sideslips 
Rolling  Moments  In  Steady  Sideslips 


2.  (3. 3. 2. 6)  This  test  will  be  accomplished  by  first  trimming  the  air¬ 

craft  in  wlnga-level  flight  at  the  desired  test  point.  Then  a  coordinated  45* 
bank  turn  will  be  established  at  the  trim  airspeed. 


3.  (3. 2. 3. 7,  3.3.5t  3. 3. 6.1,  3. 3. 6. 2,  3. 3. 6. 3)  Testing  In  these  areas 
will  be  accomplished  using  the  techniques  described  In  reference  3. 

4.  Altitude  for  all  tests  will  be  maintained  within  +  1,000  feet  of  the 
trim  altitude. 

5.  Maximum  sideslip  duration  will  not  exceed  30  seconds. 

E.  Dynamic  Stability 

1.  The  aircraft  will  be  evaluated  for  compliance  with  the  following 
paragraphs  of  reference  2. 

3.2. 1.2  Phugold  Stability 

3 . 2 . 2 . 1  Short-Period  Response 

3. 3. 1.1  Lateral-Directional  Oscillations  (Dutch  Roll) 

3. 3. 1.2  Roll  Mode 

3 . 3 . 1 . 3  Spiral  Stability 

2.  These  tests  will  be  accomplished  at  the  points  listed  In  Table  111 
using  the  test  methods  specified  in  reference  3. 

3.  (3. 3. 1.1)  The  Dutch  Roll  will  be  excited  using  ramp  rudder  Inputs 
applied  smoothly  to  h  deflection  either  side  of  neutral.  Sharp  or  rapid  rudder 
Inputs,  which  Impose  high  loads  on  the  aircraft  structure,  will  not  be  used  to 
excite  the  Dutch  Roll. 


4.  (3. 3. 1.2)  The  aircraft  will  be  trimmed  initially  for  wlngs-level 

flight  at  the  desired  test  point.  From  a  coordinated  45*  bank  turn  at  the  trim 
airspeed,  roll  performance  will  be  tested  by  rolling  the  aircraft  with  a  step 
aileron  Input  to  the  same  bank  angle  In  the  other  direction.  Roll  performance 
will  be  measured  at  S  and  full  control  wheel  deflections. 

F.  High  AOA  Tests 

1.  The  aircraft  will  be  tested  for  compliance  with  the  following 
paragraphs  of  reference  2  and  at  the  test  points  shown  on  Table  IV. 
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Table  IV.  High  AOA  Test  Points 


Test  Point 

Pressure 

*Trlm 

Nu 

Altitude  (feet) 

Airspeed  (KIAS) 

5 

9,000 

1.2  V3 

6 

10,000 

1.2  V3 

*For  the  purpose  of  determining  trim  airspeed,  Vg  will  be 
the  wings  level,  flapsup,  power  off  stall  speed  of  72  mph/ 


63  KIAS. 


3.4.2 

3.4.2. 1 

3. 4. 2. 1.1 

3. 4. 2. 1.1.1 

3.4.2. 1.2 

3.4.2. 1.3 


Flight  at  High  Angle  of  Attack 
Stalls 

Stall  Approach 

Warning  Speed  for  Stalls  at  Ig  Normal  to 
the  Flight  Path 
Stall  Characteristics 
Stall  Prevention  and  Recovery 


2.  The  aircraft  will  be  tested  only  during  Phase  A  stalls  as  defined 
In  reference  4.  Emphasis  during  Che  test  program  will  be  placed  on  determining 
the  Adequacy  of  Che  aircraft  controls  during  the  approach  to  the  stall  and 
during  stall  recovery;  Che  adequacy  and  nature  of  Che  stall  warning  character¬ 
istics;  and  Che  stall  recovery  techniques.  The  aircraft  will  not  be  flown  Into 
a  deep  stall.  Recovery  will  be  Initiated  when  (see  Table  I,  reference  4): 

a.  a  definite  g-break  occurs. 

b.  a  rapid,  uncommanded  angular  motion  develops. 

c.  Che  aft  stick  stop  has  been  reached  and  pitch  attitude  cannot 

be  Increased. 

d.  sustained  heavy  buffet  develops. 

3.  The  aircraft  will  be  trimmed  for  Ig  flight  at  the  airspeed  and 
altitudes  specified  In  Table  IV.  Using  Che  test  methods  In  reference  3,  the 
aircraft  will  then  be  maneuvered  so  that  the  stall  occurs  at  Che  test  alti¬ 
tude  (+  500  feet) . 

4.  Stall  recovery  will  be  Initiated  at  the  onset  of  the  first  stall. 

5.  Stalls  will  be  accomplished  at  8,500  feet  HSL  minimum. 

TRAINING 


Both  DFAN  faculty  pilots  will  have  at  least  an  FAA  commercial  pilot  rating 
and  be  current  In  the  Beech  Sundowner  180  C23  In  accordance  with  FAA  and  Hedrick 
Bcechcrafc  Aero  Club  standards. 
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All  cadets  enrolled  in  Aero  495  will  participate  in  the  flying  portion  of 
the  course  as  passengers  only  and  will  receive  appropriate  aircraft  orientation 
and  safety  Instruction.  All  the  perfonsance  flight  test  techniques  required  to 
gather  test  data  will  be  covered  during  classroom  lectures  prior  to  the  flights 
for  which  they  will  be  used. 

CREW  DUTIES 

A.  Pilot 

1.  Check  local  flying  weather. 

2.  Brief  students  on  mission  profile,  and  ground  and  in-flight  safety. 

3.  Check  maintenance  status  of  aircraft  and  perform  pre-flight. 

4.  Provide  a  stopwatch. 

3.  Provide  the  tachometer  reading  at  which  the  aircraft  was  refueled 
and  the  quantity  of  fuel  and  oil  on  board. 

6.  Act  as  pilot  In  command  of  the  aircraft  and  occupy  the  left  front 
seat  at  all  times. 

B.  Students 

1.  Bring  data  cards  and  a  clipboard. 

2.  Complete  aircraft  weight  and  balance  form. 

3.  Compute  takeoff  data  using  temperature  and  pressure  altitude  pro¬ 
vided  by  the  pilot. 

4.  Provide  cassette  tape  player  for  each  flight,  (optional) 

5.  Record  tachometer  reading  at  which  the  aircraft  was  refueled  and 
the  quantity  of  fuel  and  oil  on  board. 

6.  Cadets  will  be  assigned  to  two  man  teams  for  purposes  of  taking 
flight  test  data.  Flight  crew  duties  will  be  rotated  each  flight.  Along  with 
the  pilot  who  will  be  primarily  concerned  with  precisely  flying  the  aircraft, 
both  cadets  will  act  as  lookouts  and  notify  the  pilot  Immediately  of  any  air¬ 
craft  sighted.  The  cadet  in  the  right  front  seat  will  act  as  data  observer 
and  timekeeper ,  and  the  cadet  In  the  rear  seat  will  act  as  data  recorder. 

SAFETY 


Flight  personnel  will  adhere  to  the  following  while  on  the  fllghtllne  an  . 
In  and  around  the  aircraft: 

a.  Smoking  Is  prohibited  in  or  near  the  aircraft. 

b.  Seat  belts  will  be  worn  at  all  times. 

c.  Flight  personnel  will  be  seated  In  the  aircraft  prior  to  engine  start 
and  will  remain  seated  until  the  engine  Is  stopped. 


/ 
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d.  Remain  clear  of  Che  propeller  area  at  all  tines. 

e.  Do  not  stand,  walk,  or  lean  on  the  aircraft  except  in  designated  areas. 

f.  Do  not  open  aircraft  windows  or  doors  in  flight. 

g.  Advise  the  pilot  iranedlately  upon  observing  another  aircraft. 

h.  Do  not  manipulate  the  aircraft  flight  controls  or  engine  controls  unless 
told  to  do  so  by  the  pilot. 

i.  Advise  the  pilot  of  impending  airsickness.  Use  the  bag  provided,  your 
hat,  your  shoe,  anything  except  the  floor  of  the  aircraft. 

J.  Stay  clear  of  taxiing  aircraft  and  other  flightline  vehicles. 

COMMAND  AND  CONTROL 


All  testing  to  be  accomplished  will  be  for  academic  purposes  only  and  will 
be  performed  within  the  restrictions  of  the  Flight  Manual,  Part  91  of  the  FAR's, 
Hedrick  BeechcrafC  Aero  Club  Rules  and  the  limitations  Imposed  by  this  test  plan. 

All  Information  with  respect  to  this  test  plan  Is  unclassified. 

TEST  PLAN  AMENDMENTS 


An  amendment  to  this  test  plan  is  required  if  the  flight  test  envelope  Is 
expanded  or  If  any  limitations  in  the  test  plan  are  made  less  restrictive.  An 
amendment  to  the  teat  plan  must  be  reviewed  and  approved  by  the  same  authority 
who  approved  the  basic  plan. 
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MEMORANDUM  FOR  THE  RECORD 


29  October  1982 


Subject:  Aero  495  Test  Plan  Revision  for  Sundowner  180  C23  Limited  Flying 
Qualities  Evaluation 

To:  Captain  William  C.  Roberson  C  >  - ^ 

Aero  495  Course  Pilot 

Mr.  Wayland  S.  Eberhardt  _ 

Director  of  Flight  Operation 
Hedrick  Beechcraft,  Inc. 

1.  The  Test  Plan  for  the  Sundowner  180  C23  Limited  Flying  Qualities  Evaluation 
dated  August  1982  is  revised.  The  second  to  the  last  sentence  in  the  paragraph 
titled  Weight  and  Balance  on  page  5  should  read: 

"The  only  approved  means  of  aft  c.g.  control  will  be  with  the  use 
of  two  50  pound  lead  weights  secured  in  the  baggage  area.  Ballast 
will  not  be  carried  for  forward  c.g.  control." 

2.  There  may  not  be  sufficient  spread  in  center  of  gravity  location  by  using 
passenger  seating  alone  to  get  adequate  forward  and  aft  c.g.  flying  qualities 
data.  Adding  lead  ballast  to  the  baggage  compartment,  however,  does  enhance 
the  importance  of  checking  the  weight  and  balance  prior  to  flight. 

3.  The  following  table  is  provided  to  aid  you  in  computing  weight  and  balance 
with  ballast  on  board: 


REG  NO. 

BASIC  EMPTY 
CONDITION  + 

100  LBS  BALLAST 

MOM/100 

(In/lbf) 

X  c.g. 
SHIFT  AFT 

N6014M 

1690.0  lbs 

1945 

2.7% 

N60171 

1625.0  lbs 

1855 

2.7% 

N18325 

1680.5  lbs 

1959 

2.8% 

Aero  495  Course  Director 
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FLIGHT  3 


Longitudinal  and  Laceral-Olrecclonal 
Stability  and  Control;  Maneuvering  Flight 


I.  OBJECTIVES 


A.  Measure  the  slope  and  linearity  of  the  longitudinal  stick  force  and 
elevator  displacement  curves. 

B.  Determine  the  stlck-flxed  and  stick-free  neutral  points. 

C.  Determine  the  stlck-flxed  and  stick-free  maneuver  points. 

D.  Measure  the  slope  and  linearity  of  the  rudder  pedal  force  and  dis¬ 
placement  versus  sideslip. 

E.  Evaluate  the  turn  coordination  of  the  aircraft. 

II.  AIRCRAFT 

Beechcraft  Sundovmer  180  C23 

III.  LIMITATIONS 

As  specified  In  the  test  plan. 

IV.  MISSION  EVENTS 
A.  Pilot 

1.  Make  a  Flight  Manual t  no  flap  takeoff. 

2.  Stabilize  the  aircraft  In  level  flight  at  a  selected  test  altitude 
of  either  8,000  or  9,000  feet. 

3.  Trim  the  aircraft  for  either  80  or  90  KIAS.  Lean  the  engine  for 
best  cruise. 

4.  From  the  trim  airspeed,  use  the  stabilized  test  technique  and  vary 
airspeed  +  13Z,  staying  within  +  1,000  feet  of  the  test  altitude. 

5.  from  the  trim  airspeed,  use  the  stabilized  test  technique  and  vary 
load  factor  up  to  and  Including  r  2.0  "g's"  while  descending  to  maintain  constant 
airspeed.  Stay  within  +  1,000  feet  of  the  test  altitude.  Perform  the  test  in 
both  directions. 

6.  Perform  steady  sideslips  at  various  sideslip  angles  up  to  maximum 
sideslip  In  both  directions.  Maximum  sideslip  duration  will  not  exceed  30  seconds. 

7.  Stabilize  the  aircraft  in  45”  bank  turns  In  both  directions  at  the 
trim  airspeed  and  test  altitude. 

8.  Make  normal  full  stop  landing. 
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B.  Students 


1.  Compute  take-off  weight,  center  of  gravity  and  predicted  take-off 

roll . 

2.  Record  the  data  required  on  the  attached  data  sheets. 

3.  Record  both  pre-flight  and  post-flight  aircraft  tach  time. 

V,  STUDENT  POST-FLIGHT  DATA  REDUCTION 

A.  Reduce  the  data  using  the  attached  data  reduction  sheets. 

B.  Plot: 

1.  Stick  deflection  5^  and  stick  force  Fg  versus  indicated  airspeed 
for  longitudinal  static  stability  test  points. 

2.  Stick  deflection  5g  and  Fg/q  versus  lift  coefficient  C^. 

3.  Stick  deflection  5g  and  stick  force  Fg  versus  load  factor  n. 

4.  Rudder  deflection  and  rudder  force  F^  versus  sideslip  angle  B. 

5.  Bank  angle  Q,  aileron  deflection  5.  and  stick  force  F-  versus  6- 

C.  Using  data  from  other  flights  (if  available)  with  forward  and  aft 
centers  of  gravity,  determine  the  following: 

1.  Stick-fixed  and  stick-free  neutral  points. 

2.  Stick-fixed  and  stick-free  maneuver  points. 

3.  Compare  these  points  to  the  forward  and  aft  center  of  gravity 
limits  in  the  flight  manual. 

D.  Evaluate  the  aircraft  against  the  following  paragraphs  of  MIL-F-8785C: 

3.2.1. 1  Longitudinal  Static  Stability 

3. 2. 2. 2  Control  Feel  and  Stability  in  Maneuvering  Flight 

3. 2. 2. 2.1  Control  Forces  in  Maneuvering  Flight 

3. 2. 2. 2. 2  Control  Motions  in  Maneuvering  Flight 

3. 3. 2. 6  Turn  Coordination 

3.2. 3. 7  Longitudinal  Control  in  Sideslip 

3.3.6. 1  Yawing  Moments  in  Steady  Sideslips 

3. 3.6. 2  Side  Forces  in  Steady  Sideslips 

3. 3.6. 3  Rolling  Moments  in  Steady  Sideslips 

E.  Complete  the  "Initial  Flight  Test  Report". 

F.  Complete  a  set  of  sample  calculations. 

G.  Turn  in  the  "Initial  Flight  Test  Report",  MIL-F-8785C  evaluation 
results,  recorded  data  sheeets,  data  reduction  sheets,  sample  calculations  and 
plots  using  the  format  specified  in  the  "Guidelines  for  Flight  Reports"  handout. 
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FLIGHT  3  DATA  RECORD 
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FLIGHT  3  DATA  RECORD 


NOTF  •  I’lot  data  as  recorded.  No  data  reduction  required. 
*In  ale  1/8,  1/4,  1/2  deflection,  etc. 


Lo\L;trL'"'T:;Ai  static  stability  data  rcductio:. 


(inches)  Slick  displacement  in  inches 


LONGITUDINAL  MANEUVERING  STABILITY  DATA  REDUCTION 


(in)  Stick  displacement  in  inches 


FLIGHT  4 


DYNAMIC  STABILITY;  STALLS 


I .  OBJECTIVES 


A.  Determine  the  lateral  control  power  of  the  aircraft. 

B.  Measure  the  short  period,  phugoid,  Dutch  roll  and  spiral  characteristics 
of  the  aircraft. 

C.  Observe  the  aircraft  stall  characteristics  to  Include  stall  warning  and 
verify  the  Ig  stall  speeds  given  in  the  Flight  Manual. 

II.  AIRCRAFT 

Beechcraft  Sundowner  180  C23 
HI.  LIMITATIONS 

As  specified  in  the  test  plan. 

IV.  MISSION  EVENTS 
A.  Pilot 

1.  Make  a  no  flap.  Flight  Manual  takeoff. 

2.  Stabilize  the  aircraft  in  level  flight  at  a  selected  altitude  and 
trim  airspeed  for  the  first  tests  to  be  performed. 

3.  For  stalls,  trim  the  aircraft  for  1.2  Vg  at  a  minimum  altitude  of 
8,500  ft  MSL.  Using  the  curved  flight  path  method,  leave  the  throttle  at  the 
trim  setting  and  use  pitch  to  achieve  a  bleed  rate  of  1  to  2  knots  per  second. 

The  aircraft  should  stall  within  +  500  feet  of  the  desired  stall  altitude. 

Initiate  recovery  when; 

a.  a  definite  g-break  occurs. 

b.  a  rapid,  uncommanded  angular  motion  develops. 

c.  the  aft  stick  stop  has  been  reached  and  pitch  attitude  cannot 
be  Increased, 

d.  sustained  heavy  buffet  develops. 

4.  Stabilize  the  aircraft  in  level  flight  at  one  selected  altitude 
and  trim  airspeed  for  all  remaining  tests. 

5.  For  the  lateral  control  power  evaluation,  perform  aileron  rolls 
from  45*  to  45*  of  bank  with  b  and  full  control  wheel  deflection.  This  test 
should  be  done  in  both  directions  with  the  rudder  fixed. 

6.  For  the  dynamic  tests,  use  the  following  techniques: 
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a.  Short  Period  -  Pun^  the  elevator  using  sinusoidal  ramp  Inputs 
of  +  .5  "g'*  until  the  aircraft  response  Is  In  phase  with  the 
elevator  input.  Release  the  control  wheel  at  the  trim  posi¬ 
tion.  Use  small  rudder  Inputs  to  sislntaln  wings  level. 

b.  Phugold  -  From  the  trim  condition,  perturb  the  airspeed  by 
15  knots  and  return  the  control  wheel  back  to  the  trim  posi¬ 
tion  and  release.  Again,  use  small  rudder  Inputs  to  maintain 
wings  level. 

c.  Dutch  Roll  -  From  the  trim  condition,  perturb  the  aircraft 
using  sinusoidal  ramp  Inputs  of  H  rudder  deflection,  then 
return  the  rudder  to  neutral  and  release. 

d.  Spiral  -  Stabilize  the  aircraft  In  a  coordinated  left  or  right 
turn  at  a  20*  bank  angle.  Neutralize  the  aileron  control  and 
release.  Perform  the  test  In  both  directions.  Time  for  20 
seconds. 


B.  Students 

1.  Compute  take-off  weight,  center  of  gravity  and  predicted  takeoff 
ground  roll. 

2.  Record  the  Information  shown  on  the  attached  data  record  sheets 
for  each  test  performed. 

3.  Record  both  pre-flight  and  post-flight  each  time. 

V .  STUDENT  POST-FLIGHT  DATA  REDUCTION 


A.  Reduce  data  where  required  using  the  attached  data  reduction  sheets. 
Use  a  standard  weight  of  2.450  lbs  for  analyzing  stall  speeds. 

B.  Plot 

1.  0  versus  time. 

2.  versus  time  for  the  phugold  dynamic  mode. 

C.  Using  the  plots  above  where  appropriate  and  other  test  data,  determine 
the  following: 


1.  1  "g"  Indicated  stall  speed  for  a  standard  weight  of  2,450  Ib^  and 
compare  with  the  Flight  Manual. 

2.  For  the  phugold  dynamic  mode,  determine  the  period,  T,  the  damping 
ratio,  C,  time  to  half  amplitude,  t^j,  actual  frequency,  uq,  and  the  undamped 
natural  frequency,  w^.  Use  the  log  decrement  method  with  your  plotted  data. 
Compare  your  flight  test,  with  the  approximation  equation  for 

3.  Report  the  time  to  double,  t2,  or  time  to  half,  t^,  bank  angle 
for  the  spiral  dynamic  mode. 
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4.  Determine  Che  period,  T,  actual  frequency,  Uq,  estimate  Che  damping 
and  find  the  undamped  natural  frequency  of  the  Dutch  Roll  oscillation. 

5.  Report  the  time  to  roll  through  60*  of  bank.  Find  the  roll  mode 
time  constant. 

D.  Evaluate  the  aircraft  against  the  following  paragraphs  of  M1L-F-8785C: 
1.  Dynamic  Stability: 

3.2. 1.2  Phugold  Stability 

3.2.2. 1  Short  Period  Response 

3. 3. 1.1  Lateral-Directional  Oscillations  (Dutch  Roll) 

3.3. 1.2  Roll  Mode 

3. 3. 1.3  Spiral  Stability 

3.3.4  Roll  Control  Effectiveness 

3. 3. 4. 5  Wheel  Control  Throw 

3. 3. 2. 5  Control  of  Sideslip  in  Rolls 


2.  High  AOA  Tests: 


3.4.2. 1.1 

3. 4. 2. 1.1.1 

3. 4. 2. 1.2 

3.4.2. 1.3 


Stalls  Approach 

Warning  Speed  for  Stalls  at  Ig  Normal  to  the  Flight 
Path 

Stall  Characteristics 
Stall  Prevention  and  Recovery 


E.  Complete  the  "Initial  Flight  Test  Report". 


F.  Complete  a  sec  of  sample  calculations. 


G.  Turn  in  the  "Initial  Flight  Test  Report",  MIL-F-8785C  evaluation  results, 
recorded  data  sheets,  data  reduction  sheets,  sample  calculations,  and  plots  using 
the  format  specified  in  the  "Guidelines  for  Flight  Reports"  handout. 
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flight  4  DATA  RECORD 


AIRCRAFT  LYNAMICS 


Remarks; 


Mrcraft,  Sundowner  180  C23  Wing  Area  =  U6  ft 
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time  to  roll  Ad  =  90”  to  the  right 
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INITIAL  FLIGHT  TEST  REPORT 


1.  AIRCRAFT  TYPE 


2.  SERIAL  .\’L:MBER 


a.  DATE 


CONDITIONS  RELATIVE  TO  TEST 


e.  CONFIGURATION: 


i.  FUEL  LOAD: 


b.  PILOT: 


f.  INSTRUMENTATION 


g.  START  UP  GR  UT; 


d.  SORTIE  TIME/T.O.  TIME;  h.  START  UP  C.G.: 


.  surface  WIND: 


k.  WEATHER: 


1.  GROUND  BLOCK: 


5.  RESULTS  OF  TESTS  (Continue  on  reverse  side  if  needed) 


6.  REM/\RKS  (Continue  on  reverse  side  if  needed) 


INITIAL  FLIGHT  TEST  REl'ORT 


1 .  AIRCRAFT  TYPE 


2.  SERIAL  NUMBER 


6.  REMARKS  (Continue  on  reverse  side  if  needed) 


Ri’feronc  t; :  AFFTC  Form  365  APR  ’7- 


F-19 


APPENDIX  Q 


Sample  Flying  Qualities  Data  Records, 
Data  Reduction  and  Plots 
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Contents 


Flight  3 
Flight  4 


Longitudinal  and  Lateral-Directional 
Stability  and  Control;  Maneuvering  Flight  G-3 

Dynamic  Stability;  Stalls  G-17 
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flight  3  DATA  RECORD 


NOTE  I  lot  data  as  recorded.  No  data  reduction  required. 
*Int^»eate  1/8,  1/4,  1/2  deflection,  etc. 
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LOSCITUDINAL  maneuvering  stability  data  RED’u'CT ion 


(lb)  Elevntor  forces  in  lb. 


Beechcraft  Sundowner  N 18325 
10  Nov*82  Alt  =  8,000  feet  2350  RPM 
V,  =  90  kts  24%  CQ 


Beechcraft  Sundowner  N 18325 
10  Nov*82  Alt=8,000  feet  2350  RPM 
Vt-90  kts  24%  CG 


Push 


Mil-Spec  Limits 


Beechcraft  Sundowner  N 18326 
10  Nov'82  Alt*8.000  feet  2350  RPM 
V<s90  kts  24%  CG 


**  20%  CG 


Trim 


24%  CG 


□  20%  CG 
O  24%  CG 


Trim 


♦♦20%  CG  data  from  N6014M  flown 
on  1  Nov  at  8.000  feet  and  90  kts 


Beechcraft  Sundowner  N 18325 

10  Nov' 82  Alt»8,000  feet  2350  RPM 

Vt=90  kte  24%  CG 


*4>20%  CQ  data  from  N6014M  flown 
on  1  Nov  at  8,000  feet  and  90  kts 


2 


Beechcraft  Sundowner  N 16325 
10  Nov'82  Alt=8.000  feet  2350  RPM 
V,*90  kte  24%  CQ 


1 


**  20%  CG  data  from  N6014M  flown 
on  1  Nov  at  8,000  feet  and  90  kts 
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Rudder  Force  (Fn)  vs  Sideslip  Angle  (B) 
Beechcraft  Sundowner  180 
Test  Alt«8,000  feet  Vi«90  kts 


-Fn(lbs) 


c-is 


Rudder  Deflection  (8R)  vs  Sideslip  Angle  (B) 

Beechcraft  Sundowner  180 

Test  Alt^S.OOO  feet  V|-90  kts 


+8R(in) 
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Lateral  Control  Power  Data  Reduction 
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Beechcraft  Sundownar  N6014M 

30  Nov'82  H=8000  feet 

C.G.=21.7%  MAC 
Phugoid  Dynamic  Mode 


Data  reduced  using  log  decrement: 

Period  T=12  sec's 
Damping  z=.065 

Actual  Frequency  W^=.5236  rad/sec 
Natural  Frequency  W„=.5247  rad/sec 
Time  to  half  amplitude  ti/2=20.23  sec's 

ji 
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Bank  Angle  ^  (DEGS) 


Beechcraft  Sundowner  N6014M 
30  Nov'82  Vt„„*=80  kts  H=8000  feet 
C.G.=21.7% 
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END 

DATE 

FILMED 

9-85 
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